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FOREWORD 


The  Literature  Survey  of  Puget  Sound  end  Approaches  has  been  com- 
pleted by  the  Department  of  Oceanography  of  the  University  of  Washington 
as  authorized  by  the  Office  of  Naval  Research  Contract  Nonr-h47(C0) , 

Task  Order  477(06).  Under  the  terms  of  this  contract  the  Department  of 
Oceanography  has  provided  a listing  and  analysis  of  all  published  and 
unpublished  literature  pertaining  to  the  oceanography  and  factors  in- 
fluencing the  oceanography  of  Puget  Sound. 

To  effectively  accompj.lsh  general  oceanographic  research  in  an  area 


in  whlcn  outside  influences  of  every  type  play  an  Important  or  undeter- 
mined role,  every  possible  factor  must  be  taken  into  consideration.  For 
this  reason  all  of  the  factors  that  may  influence  the  oceanography  of 
Puget  Sound  have  been  inciiided.  The  form  of  the  paper  is  essentially  that  j 

of  an  abstract  of  the  current  knowledge  on  each  subject.  Appended  to  each  j 

j 

subject  is  a detailed,  annotated  bibliography  of  all  relevant  publications 
and  unpublished  reports  and  data,  whether  used  in  the  abstract  or  not.  If 
no  information  is  available  on  a certain  subject  this  has  been  raentioned  j 

in  order  to  present  the  status  of  our  knowledge  to  date.  I 
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FHSSiCAL  OCEAKOGBAPHY 


■'iTESS 


IBTOJICSXTIOIJ 


15te  tide  In  the  Puget  Sound  area.  Is  of  the  nixed  type  characterize<J 
tij  garbed  variation  in  the  successiTe  heights  of  lew  *?a.ter.  Stgnificaiat 
changes  occur  in  tange  and  cbaracteristlcs  vith  both  tine  and  lO'Caticn. 
tort  ®3wasend,  near  the  entrance,  has  a mean  tide  range  of  5 feet  and  a 
dtumai  tide  range  of  8 feet-»  The  scuthem  extressltles  of  Puget  Soimd, 
in  the  vicinity  of  OlyEpia,  have  mean  and  dltcmal  tide  ranges  of  11  and 
15  ctlTcly.  Periodically  the  tides  at  Fort  Townsend  lose  their 

mixed  characteristics  and  becoiae  virtually  diurnal  for  several  days  each 
EKxath,  However,  this  effect  dues  net  extend  for  any  great  distance  Into 
the  Puget  Sound  systeoi. 

lie  tidal  prisE  amoujits  to  approximately  5 percent  of  the  vclunje 
beiov  the  esean  lower  low  water  datuai. 


THE  smTioss 

ISable  10-1  and  Figure  10 -1  name  am  locate  the  tidsl  bench  marks 
in  Puget  coued  vhere  tide  ulist:xifatl.ou&  lutvc  been  i^lc.  cbovti  also  sue 
four  additlcgasl  stations:  Partridge  Point,  A;  Oak  Bay,  B;  Point  Ho  Point, 

Cj  Byde  Point,  D;  and  UuffleEr'yer  Pcist,  S;  for  vhlcfc,  nonbamsonlc  tidal 
constants  are  published  (O.S.  Bepartaaent  of  Cermsree  Coast  end  Geodetic 
Survey  19^»9-53). 

Tide  stations  can  be  conveniently  placed  in  three  categories: 

1=  Reference  stations; 

2.  Subcadinate  stations  for  which  herEonic  constants  have 
been  derived; 

3.  Subordinate  stations  for  vhich  harxsoitlc  constants  have 
not  been  derived. 

Puget  Sound  contains  two  reference  stations  end  five  edditlonal 
stations  for  idilch  tidal  harmonic  constants  have  been  determined  by  the 
United  States  Coast  ana  «Gecdetic  Survey.  A total  of  55  atatlvES  i»ve 
been  established  wtiere  tide  observations  have  beeit  laade  but  for  which 
harmonic  cciistfints  are  not  -vsllabie. 


Beference  Stations 


Coapiete  ttdsl  predictions  for  the  two  reference  sta-cions,  Fort 
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!M£LE  10-1.  Locati-OE  of  "PiAal  Beach  Marks 


IRIEjC  >RP 
MIHBER 

KAM5  i 

Port  Tovnsead  (Fort  tforSen),  Ateiralty  Itilet 

51 

Fort  Flagler,  f-iarrowstone  Island,  Mmlralty  Inlet 

5S 

Fort  LudXov,  Admiralty  Inlet 

53 

Fort  Gastble,  Hood.  Canal 

54 

Seabeck,  £ood  Canal  1 

55 

Union,  Hood  Canal  | 

56 

Kingston,  ii^letree  Cove,  Puget  Somad  j 

57 

Point  JetfeT^'y^-  Pnget  Sound 

56 

Port  Madison,  Beinbridge  Islanl,  Puget  Sound 

t 

Eagle  Earbor,  Eainbridge  Island,  Puget  Sailed 

CO 

Port  Blakely,  Ealubrldge  Island,  Fuget  Sound 

61 

Pleasant  Beach  and  Vicinity,.  Rich  Passage 

62 

Brownsville,  Port  Orchard 

63 

Poulsbo,  Liberty  Bay 

64 

Bresierton,  Sinclair  Inlet  ' 

65 

Trecyton,  Dj-es  Inlet 

I 66 

South  Colby,  Yukon  Harbor 

! 

Burton,  Quarternaster  Harbor,  Vasfaon  Island 

Gig  SeiLor,  Puget  Sound 

69 

Arietta,  Male  Passage 

70 

Wauua,  Carr  Inlet 

71 

fiesa.  Von  Geldem  Cove 

72 

Lon^ranch,  Filuce  Bay 

73 

Vaughn,  Case  Inlet 

74 

Aliyn,  Case  Inlet 

7*S 

Walkers  jArnd'Srjg.  Pickering  Passage 

j Hartsteae  Island,  Pickering  Passage 

77 

Church  Point,  Ksnir^r*.! ev  Tti'Hio+- 

78 

Shelton.  Oakland  Bay 

75 

Arcadia,  Totten  Inlet 

8g 

j aev  Ksniiciie,  Totten  Inlet 

1 ^ 

I Sid  Inlet  (1  nlle  H.F.  of  Rocky  Point) 

‘ 

2 


'EaBIS  10-1.  Locaitioii  of  jfidEl  Beoch  !iarks  ( coctinued) 

I igisiy  i«kp 

i SUmSB 


Clyspis.,  Budd  Inlet 
Henderson  Inlet  (Libby  Ranch) 

Depont,  WiEgnally  Reach 

Steilacoog.  Puget  Sound 

Tacooa.,  CoBsencesent  Bay 

Desssalnes,  Puget  Sound 

Duvamish  River  (8th  Ave.  S.),  Soutin  Pork 

Seattle,  kllictt  Bay 

Edmonds,  Puget  Sound 

Mukiltec,  possession  Scund 

Everett,  Possession  Sound 

Tulalip,  Possession  Soucd 

Stanwood,  StUlaguacish  River 

Coupeville,  Pem  Cove,  Whidfeey  Islar.d 

Polnell  Point  (1.9  If-a  S.  cf),  -liidboy  Isiej 

Fort  i?hitEan,  Goat  Island,  Skagit  Say 

Horth  Fork  ( entrance!,  Skagit  River 

3?orth  Fork  (hi^vsy  bridge},  Skagit  River 

Li  Cooser,  “■«—-->- 

SvinoEiich  Slcro^  (F.  end),  Padilla  Bay 

Ala  Spi»,  WMdbey  Island,  Skagit  Bay 

Pass  Island,  Deception  F»ss 

Dewey,  Yokekc  Point,  Fidaigo 

Lofell 

Bangor 

Partridge  Point 


Point  So  Point 

Syde  Point,  Jicacil  Islsnl 

Tofileinyer  Point,  Budd  Inlet 


Table  froE  Index  Usp,  Tidal  Bench  i^ks,  iifashlisgtcn  (U.S.  DepEorteent 
of  Cocaiierce  Coast  and  Geodetic  Survey  19^*8). 


Tovnsend  and  Seattle,  are  obtained  and  published  annually  as  times  and 
heights  of  high  an'l  low  waters  for  each  day  of  the  year  (U.S.  Department 
of  Commerce  Coast  and  Geodetic  Survey  19^9-53;  Canada  Department  of  Mines 
and  Resources  Annual).  A complete  set  of  tidal  harmonic  constants  are 
published  for  these  stations  (U.S.  Department  of  Commerce  Coast  and  Geo- 
detic Survey  19^2). 


SUBORDniATE  STATIONS  WITH  HARMONIC  CONSTAFPS.  Tidal  harmonic  con- 
stants for  the  two  reference  stations  and  Eremerton,  Tacoma,  Olympia, 
Everett,  and  Yokeko  Point  are  given  in  Table  10-2  as  H,  the  height  in 
feet,  and  G,  the  Greenwich  epoch  in  degrees  of  each  constituent.  See  the 
list  of  Nomenclature  following  this  section  for  a list  end  description 
of  symbols  used  in  this  section. 


SUBORDINATE  STATIONS  WITHOUT  HARMONIC  CONSTAIPTS.  Published  data 
for  the  remainder  of  the  tide  stations  consists  of  values  for  the  non- 
harmonic constants:  high  water  Interval,  mean  range  of  tide,  and  di- 

urnal range  of  tide  (U.S.  Department  of  Commerce  Coast  and  Geodetic 
Survey  19*19-53)  J and  the  elevations  referred  to  mean  lower  low  \ra.ter  for 
the  following  planes:  highest  tide  (estimated),  mean  higher  high  water, 

mean  high  water,  half  tide  level,  mean  low  water,  mean  lower  low  water, 
and  lowest  tide  (estimated)  (U.S.  Department  of  Commerce  Coast  and  Geo- 
detic Survey  n.d.).  Table  10-3  gives  this  information  for  the  Puget 
Sound  tide  stations. 

Since  the  tides  for  all  Puget  Sound  stations  are  similar  to  those 
for  either  Seattle  or  Port  Townorr.d  with  different  ranges  and  times  of 
tide,  a description  of  these  two  tides  will  suffice  to  illustrate  the 
tides  for  the  whole  area. 


SEATTLE  TIDE 

The  tidal  characteristics,  determined  from  the  harmonic  constants 
of  Table  10-2  and  shown  in  Table  10-h,  permit  a description  of  the  Seattle 
tide. 

The  tide  is  a pure  mi::ed  type  with  a large  inequality  in  the  low 
waters.  The  mean  and  diurnal  ranges,  7*6  and  11.3  feet  respectively, 
are  appreciably  larger  than  those  for  other  Pacific  Coast  ports.  For 
example:  h,2  and  5*8  feet  for  San  Diego,  3*8  and  S.h  feet  for  Los 

Angeles,  3»9  and  5.7  feet  for  San  Francisco,  6.5  and  8.2  feet  for  Astoria. 
The  ratio  of  spring  to  neap  ranges,  approximately  1.6,  is  markedly  less 
than  that  for  the  equilibrium  tide  while  the  ratio  of  perigean  to  apogean 
tides  is  approximately  the  same  as  for  the  eqxiilibrium  tide.  This  means 


C 
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10-2.  Earjiioiu.c  Constants  fcr  Puget  Soiind  Ticie  Stations 


that  the  moon's  parallax  is  just  as  effective  as  its  phase  in  determining 
the  range  of  the  tj.des.  The  explanation  of  this  fact  is  not  clear,  but 
is  thouglit  to  be  primaraiy  associated  ^:jth  t.'n~  bathymetry  and  thus  the 
oscillatory  characteristics  of  tne  Northeast  Pacific.  The  ratio  of  tropic 
to  mean  diurnal  inequality  is  only  sligntly  less  than  that  of  the  equilib- 
rium tide,  but  the  ratio  of  is  significantly  less  than  the  corres- 

ponding ratio.  The  explanation  or  this  phenomenon  must  also  lie  in  the 
characteristics  of  the  adjacent  Pacific  Basin.  The  mean  interval  between 
the  moon's  upper  or  lower  transit  and  high  water  at  Seattle  Is  4.36  hours 
(4  hoxirs  22  minutes).  This  time  lag  becomes  progressively  greater  for 
the  stations  farther  north  along  the  coast.  The  phase,  paral3ax,  end 
dlujmal  ages  of  the  tide  are  27,  and  I9  hours,  respectively.  There  • 
seems  to  be  no  consistent  variation  of  these  quantities  along  the  coast 
although  the  values  of  all  the  ages  for  the  California  ports  are  less 
than  the  above  values  for  Seattle. 


The  Seattle  Tide  Curve  for  192S 

The  following  discussion  of  the  Seattle  tide  curve  has  been  abstracted 
from  Tides  of  Puget  Soxmd  and  Adjacent  Inland  Waters  (Bauer  I928) , 

Tiie  effects  of  the  moon's  changing  declination,  phase,  and  parallax, 
can  be  seen  in  the  Seattle  tide  curve  for  July  1928  shown  in  Fig.  10-2. 

The  beginning  of  the  mort-h  finds  the  soon  at  its  greatest  distance  south 
of  ti  •;  equator  which  is  the  time  of  tropic  tides.  It  a.lso  happens  to  be 
full  moon  shortly  after  the  moon  has  re-ohed  its  greatest  declination 
south,  and  judging  by  the  time  cf  perigee,  the  moon  has  scarcely  passed 
ibs  apogean  distance  in  the  first  days  of  the  month.  The  pctsltion  of  the 
sun  (which  changes  less  Lhan  =5  degrees  in  declination  during  the  month) 
is  not  shown,  eince  its  small  changes  have  relatively  little  effect  on 
the  tide. 

The  first  striking  features  in  the  Seattle  curve  are  the  two  high 
and  two  lov?  waters  in  each  day  with  a larga  inequality  in  the  heights  of 
the  low  waters.  Increased  average  ranges  (spring  tides)  occur  near  times 
of  full  and  new  moon  while  smaller  average  ranges  (neap  tides)  occur  at 
times  of  the  moon's  first  and  third  quarters.  It  may  be  seen  that  the 
larger  spring  tides  for  this  month  are  associated  with  the  new  moon. 
Llkev/'ise,  the  second  neap  period  around  the  time  of  last  quarter,  shows 
somewhat  smaller  ranges  thar  the  first  neap  period.  A similar  variation 
of  comparable  magnitude  can  be  seen  to  be  associated  with  the  perigean 
and  apogean  tides  which  lag  the  times  of  perigee  and  apogee,  respectively, 
by  about  two  days.  This  is  evidenced  by  the  fact  that  where  perigee 
follows  full  moon,  the  maximum  range  also  follows  spring  tide  by  several 
days  but  with  comparable  declination  and  where  perigee  precedes  new  moon, 
the  maximum  range  occurs  som.e\fhat  before  the  spring  tides. 
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TABLE  10-3.  TilBl  Features  of  Puget  S£y.Jii3d  Stations  (continutd). 
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Ts-blP  styled  aftejr  Tide  Tables  (U.S.  Department  of  Comrrerce  Coast,  and  Geodetic  Survey  19^9“53)  with  published  da- 
from  several  sources  (U.S.  Department  of  Commerc<i  Coast  and  Geodetic  Survey  n.d..,  19^2,  1952b). 


It  remains  to  trace  the  influence  of  the  moon's  declination.  As  has 
been  seen,  it  is  mere3.y  a coincidence  that  the  full  moon  and  new  moon 
occur  at  the  same  time  as  the  tropic  tide  in  thir,  paxticuLer  ?'unth.  LiKe- 
wise,  it  is  due  to  this  coincidence  that  the  greatest  inequality  in  low 
waters  occurs  at  the  time  of  spring  tide.  This  inequality  is  really  only 
associated  with  the  degree  of  the  moon's  declination,  either  north  or 
south.  Two  consecutive  high  waters  show  an  inequality  of  only  a foot  or 
so  at  the  beginning  of  the  month,  while  the  two  consecutive  low  waters 
differ  at  that  time  by  almost  $ feet.  At  the  time  of  equatorial  tide, 
the  opposite  takes  place,  as  the  low  waters  tend  to  become  equal  and  the 
high  waters  reach  a maximum  of  inequality.  But,  this  maximum  of  inequality 
amounts  only  to  3 l/2  feet,  so  that  the  low  water  inequality  becomes  a 
dominant  feature  of  the  Seattle  tide.  In  a similar  \nay,  for  other  months, 
the  diurrial  inequality  will  be  modified  by  the  slowly  cl:ianging  declination 
of  the  sun.  When  the  sun  is  near  the  equator  during  March  and  September 
the  smai.lest  diurnal  inequalities  will  occur  while  a maximum  will  be  shown 
during  June  and  December. 


PORT  TOWNSEND  TIDE 

The  Port  To'fcmsend  tide  as  seen  in  Table  10-3,  Is  similar  to  Seattle's 
in  most  respects.  The  most  evidexit  difference  is  t'l.e  value  of  the  ratios 
of  the  diurnal  to  seraidiurnr.l  components  (K-»  + While  the 

value  is  in  the  range  for  a mixed  tj-pe  of  tide.  It  lies  close  to  that  for 
a diurnal  t.ype  of  tide.  Thus,  the  Port  Townsend  tide  exhibits  some  uiurmtl 
characteristics,  for  one  or  two  days  in  the  month  occur  with  a vanishing 
tide  for  which  there  is  only  one  high  water  and  one  lew  water  duriug  the 
day.  Or.her  differences  between  the  two  tides  are  their  range  and  time. 

The  Fort  Townsend  tide  occurs  on  an  average  of  ^5  minutes  earlier  with  a 
mean  range  two -thirds  that  of  Seattle's. 


The  Port  Townsend  Tide  Curve  for  Jutly  1928 

The  following  discussion  of  the  Port  Townsend  tide  curve  has  been 
abstracted  from  Tides  of  Puget  Sound  and  Adjacent  Inland  Waters  (Bauer 

1926. 

The  Port  Townsend  tide  curve  for  July  1928  is  also  shown  in  Fig. 
10-2,  where  it  can  be  compared  with  those  for  Seattle  and  Victoria.  The 
tlueb  here  are  affected  by  the  moon's  phase,  declination,  and  parallax  in 
the  same  manner  that  they  are  for  Seattle,  but  the  tide  is  more  nearly 
diurnal  with  a decreased  range  and  a somewhat  earlier  time  of  high  water. 
Notice  that  there  is  only  one  kdgh  and  one  low  water  on  the  seventh  of 
the  month. 
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TIIE  SEi-lIDIURNAL  AND  DIUKNAL  WAVES  IN  PUGET  SOUND 


In  order  to  investigate  the  scsiidiurnal  and  diurnal  vaves  in  Puget 
Sound,  it  is  necessary  to  determine  values  for  the  amplitudes  and  phases  of 
the  two  waves  from  the  nonharmonic  constants  for  the  stations  given  in 
Table  10-3.  The  amplitudes  are  given  by  the  following  relations,  modified 
from  Warmer i 


= 0.4-3  X mean  range,  and 

+ 0^  = 1.22  X (diurnal  range --mean  range),  where 
Port  Townsend  is  the  reference  station; 

Mp  = 0,455  X mean  range,  and 

0^^  = l.l4  X (dirunal  range — mean  range),  where  Seattle 
. is  the  reference  station. 


(I'fermer  1951). 

The  Greenwich  epoch  for  the  Mg  component,  G(M/^),  is  determined  from 
the  high  water  interval  and  longitude  for  each  station.  The  phase  of 
the  diurnal  wave  cannot  be  determined  from  the  available  data,  except  for 
the  stations  having  hannonic  constants  available.  It  appears  that  the 
change  in  phase  between  any  two  points  of  the  diurnal  wave  is  somewhat 
less  than  half  that  of  the  semidluriial  wave. 

Figure  10-3  shows  the  amplitudes  and  Greenwich  epochs  of  the  princi- 
pal semidiurnal  (Mnl  component  for  representative  stations  along  the 
length  of  Puget  Sound  proper.  Following  Redfield  (Redfield  1950)  the 
horizontal  axis  is  a distance  scale  consisting  of  the  phase  difference 
between  the  station  in  question  and  the  head  of  the  Sound  am  Shelton. 

For  a simple  rectangular  gulf  with  no  friction,  the  amplit'Cide  would  vary 
as  the  cosine  of  the  phase  difference;  the  Greenwich  epochs  and  the  times 
of  high  water  would  be  the  same  for  all  stations  having  a phase  difference 
less  than  1.57  radians.  The  semidiurnal  amplitude  distribution  is  rela- 
tively insensitive  to  Puget  Sound's  small  frictional  effect'’  and  can  be 
primarily  attributed  to  the  effects  of  topography,  except  for  Ilammersley 
Ial.et,  where  the  amplitude  is  larger  at  Church  Point  tlian  at  Shelton  or 
Arcadia,  its  two  ends. 

Since  the  lower  end  of  the  Sound  consists  of  a number  of  -separate 
arms,  the  effective  length  i-s  not  precisely  determined,  but  the  -variation 
in  amplitude  from  Arcadia  to  the  north  end  of  the  Tacoma  Narrows  can  be 
seen  to  follow  a reiju.lar-  cosine  shape.  Here,  an  abrupt  change  occurs  in 
slope,  and  the  continuation  of  the  curve  lias  again  a cosine  shape  but  with 
decreased  amplitude  and  apparently  displaced  towards  the  right.  The  ex- 
planation of  this  phenomenon  is  fovuxd  in  the  sharp  decrease  in  channel 
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cross  section  found  in  passing  south  through  this  point  which  causes  a 
partial  j'eflection  of  the  incident  tidal  wave,  thus  decreasing  the  effec- 
tive length  of  the  s vuthern  Sound.  The  shifting  of  the  curve  to  the  right 
and  decrease  in  amplitude  then  follows  j'rcm  the  decrease  ?.u  effective 
length.  Between  Seattle  and  Point  No  Point  the  opposite  occurs:  the 

slope  is  markedly  increased  since  the  effective  length  of  that  portion  of 
the  Sound  south  of  this  point  is  increased  to  where  it  joins  with  Posses- 
sion Sound-  This  uniformly  steep  slope  is  maintained  north  through  Admi- 
ralty Inlet  to  the  entrance  of  Puget  Soxmd. 

The  times  of  high  water  illustrate  the  effects  of  tidal  friction, 
for  if  there  were  no  friction  high  watei*  would  occur  simultaneously  at  all 
places  in  Puget  Sound.  In  Fig.  10-3  there  cau  ta  seen  three  regions  of 
greater,  and  two  of  lesser  slope,  in  the  curve  for  the  times  of  high  water. 
The  regions  of  small  slope  correspond  to  those  with  large  cross-sectional 
area  and  correspondingly  weak  currents.  For  practical  purposes  ths  time 
differences  between  these  stations  are  unimportant.  Large  slopes  are  found 
where  the  channel  is  restricted  in  depth  anil  width  to  such  an  extent  that 
the  average  maximum  tidal  currents  reach  velocities  of  2 knots  or  more. 

Here  the  frictional  forces  are  large  and  the  changes  in  tiroes  of  high  water 
are  appreciable  over  relatively  short  distances. 


TITIAL  DATUM  PLANES 

Tidal  datum  planes  in  common  use  are:  sea  level;  half -tide  level, 

and  lower  low  water  (Mcrmer  1951) ♦ Mean  lower  low  water,  the  average  height 
of  the  lower  low  waters  over  a ].9-year  period,  is  the  datum  for  the  charts 
of  the  Puget  Sound  region.  Beference  planes  derived  from  averages  over  a 
period  of  a day,  week,  month,  and  year,  are  denoted  by  the  teims  daily, 
weekly,  monthly,  and  yearly,  respectively.  It  is  to  be  expected  that  the 
values  a/eraged  over  shorter  periods  of  time  undergo  fortnightly,  nontlJ.y, 
semiannual,  annual,  and  19-yearly  variations  in  accordance  with  the  varia- 
tions in  the  tide -generating  forces  and  the  seasonal  weather  pa  items.  This 
is  shown  for  Puget  Sound  in  a study  of  the  Seattle  tidal  datum  planes 
(M8.rraer  1951)  • 


Sea  Level  at  Seattle 


Relatively  large  daily  variations  in  sea  level  associated  vrtth  wind  and 
weather,  are  well-known  the  world  over.  .<ibnorm.ally  high  tides  associated 
with  the  storms  of  ‘d(  November,  30  Noyembe-f*,  and  5 December  1952-,  were  found 
to  be  associated  with  changes  in  sea  level  ut.  to  aoout  2 feet.  This  is  con- 
sidered to  be  close  to  a maximum  value  for  this  region. 

The  annual  variation  in  monthly  sea  level  derived  from  19  years  of 
observations  (1930-^8),  is  shown  in  ^fermer  (Marracr  3-951).  A 0.52 -foot 
difference  between  the  highest  sea  level  in  Decembsr  and  lowest  in  August 
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occurs  which  is  more  than  ten  times  the  range  of  the  sun's  annual  and  semi- 
annual equilibriura  tides.  The  annml  variation  in  barometric  pressure  at 
lleah  Bay  (where  the  Strait  of  Juan  de  Fuca  meets  the  Pacific  Ocean)  is 
able  to  account  for  about  one -third  of  the  0.7 -foot  range  in  monthly  sen 
level,  leaving  about  twn-thirds  to  be  explained  in  some  other  manner.  The 
difference  in  sea  level  betv:een  Neah  Bay  and  Seattle  is  most  likely  accounted 
for  by  Puget  Sound's  pre‘/aillng  southerly  winter  end  northerly  summer  winds. 
The  remaining  portion  of  the  annual,  variation  is  probably  due  tc  the  changing 
wind  and  current  pattern  in  the  North  Pacific  Ocean. 

The  yearly  sea  level,  as  described  by  Manner  (l<larmer  1951)  > undergoes 
much  sma.ller  changes  tJian  the  monthly  sea  levels,  generally  changing  less 
than  0.1  foot  from  year  to  year,  although  occasionally  changing  by  ns  much 
as  0.2  or  0.3  foot.  These  changes  in  yearly  sea  level  are  sirailur  for  all 
the  stations  on  the  Pacific  Coast  of  continental  United  States.  A progres- 
sive rise  is  apparently  taking  place,  which  at  Seattle  amounted  to  semevrhat 
less  than  0.005  foot  per  year  from  1398  to  1930,  and  O.OOo  foot  per  year 
since  1930.  These  slow  changes  are  apparently  due  to  relative  land  move- 
ments, as  sea  level  on  the  Alaskan  coast  has  been  falling  during  this  time. 
For  local  changes  in  sea  level  see  the  section  on  Geology  for  additional 
discussion. 


Half-Tide  Level  at  Seattle 


The  difference  betw'cen  half -tide  level  (which  lies  exactly  halfway 
uelween  the  planes  or  mean  high  water  and  mean  low  water)  and  sea  level 
at  any  place  depenUo  upon  the  amplitude  and  phase  relations  between  the 
various  constituents  of  the  tide  at  that  place.  For  tides  of  the  semi- 
dirunal  and  mixed  types: 

HTL-SL  = M4Cos(2M^  - M?)  - 0.03(K  + 0^  )^  cos(m'^  " 

where  HTL  stands  for  hklf-tide  level  and  SL'for  sea  level.  Figure  37  in 
I>iarmer  ( Manner  19.51)  shows  the  annual  variation  of  this  difference  for  the 
38-year  period  19II  through  19*+8,  The  variation  is  nearly  sinusoidal  with 
a range  of  about  0.1  foot  and  a period  of  about  12  years. 


Lower  Low  Water  at  Seattle 

Dally  variations  in  lower  low  water  are  partly  of  a periodic  nature , 
due  to  the  tide-generating  forces,  and  partly  nonperiodic,  due  to  changes 
in  sea  level.  The  periodic  change  is  evident  from  Fig.  10-2  which  shows 
a range  of  6 feet  for  the  month. 

In  monthly  low  waters,  these  periodic  variations  are  largely  eliminated. 
Figures  50  and  52  in  Manner  (Manner  1951)  show  a maximum  range  of  I.5  feet 
with  a semiannual  period  for  the  heights  of  monthly  lower  low  water. 
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The  semiannual  variationr  will  be  averaged  out  in  the  value  of  annual 
lower  low  water  leaving  only  the  19-y«ar  variation^  Figures  53  and  5*^  in 
Manner  (Manner  1951)  show  the  range  of  this  variation  to  be  0.6  foot. 


TIML  VOLUMES 

The  tidal  vo3.umes  for  the  different  areas  of  Puget  Sound  are  given  in 
the  section  on  Hydrography. 


PRESEirr  STUDIES 

Tide  gages  are  operated  on  Puget  Sound  by  the  following  authorities: 
U.S.  Coast  and  Geodetic  Survey,  U.S.  Corps  of  Engineers,  and  the  State 
Water  Resources  Commission. 

The  Coast  and  Geodetic  Suivey  is  carrying  out  the  following  tidal 
survey  program  (in  addition  to  the  primary  station  at  Seattle): 

Portable  gage 
2 months  or  more 


Port  Ludlow 
Union 

Yukon  Harbor 

l'i‘1  rt  Wn-whOr 

Wauna 
Arietta 
Longbranch 
Allyn 
Arcadia 
Shelton 
Stellacoom 
Coupe ville 
Polneli  Point 
Ala  Spit 
Pos session  Point 
Point  Pai-tridge 

(U.S.  Department  of  Commerce  Coast  and  Geodetic  Survey  1952c). 


Standard  gage 
1 year  or  more 

Port  Torasend 
Cornet  Bay 
Everett 
Tacoma 
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TIDAL  C>.«RRENTS 


lUl'RODUCTION 

The  tidal  currents  in  Puget  Sound,  while  actuated  by  the  sane  forces 
that  bring  about  the  tide,  bear  no  constant  relation  to  the  height  of  the 
tide--sither  in  time  cf  occurrence — or  velocity.  The  velocities  normally 
increase  with  increasing  tidal  ranges.  Also,  the  -cidal  currents  are  not 
subject  to  such  large  diurnal  inequalities  as  the  tides,  although  in  some 
localities  the  lesser  flood  currents  of  the  day  are  weak  or  absent  altogether 
at  times  of  maximum  lunar  declination.  Normally,  a net  daily  outflow  occurs 
at  the  surface  and  a net  daily  inflow  at  depth.  Exceptions  occur  where  a 
net  outflow  or  inflow  may  occur  at  all  depths. 

Currents  are  subject  to  wide  local  variations,  being  Influenced  by  the 
oubsurface  topography  of  the  channels  and  basins,  river  discharge,  and  mete- 
orological conditions.  Topographic  effects  are  prominent  in  the  Sound  due 
to  the  irregular  configuration  of  the  channels.  The  greatest  current  velo- 
cities occur  in  the  narrow  and  relatively  shallov?  channels  such  as  Admiralty 
Inlet,  Tacoma  Narrows,  and  Deception  Pass,  which  have  tropic  velocities  of 
k,7,  5.1  and  7.2  knots,  respectively.  Velocities  in  the  deeper,  wider  parts 
of  the  Sound,  are  generally  much  less  than  those  occurring  in  the  passes  and 
narrows , 

At  the  strength  of  the  tidal  currents,  jet  streams  issue  from  the  throats 
of  constricted  channels  and  apparently  continue  in  force  for  considerable 
distances  downstream.  laterally  these  jets  may  be  flanked  by  slower  currents 
or  counter  currents. 


Ct-TfflENT  STATIONS 

There  are  tiiree  tirimary  reference  stations  for  Puget  Sound  tidal  cur- 
rents: Admiralty  Inlet,  Tacoma  Narrows,  and  Deception  Pass.  The  cuxrent 

tables  furnish  predictions  for  these  stations  for  each  day  of  the  year  for 
times  of  s.lack  water  and  times  and  velocities  of  maximum  flood  and  ebb  cur- 
rcnto  (U.S.  Departmeal  uf  Commerce  Coast  and  Geodetic  Survey  195P-53).  In 
addition  to  the  primary  reference  statlonis  there  are  83  subordinate  stations 
listed  in  the  current  tables.-  Time  differences  and  velocity  ratios  between 
the  subordinate  and  reference  stations  are  listed  which  make  it  possible  for 
one  to  derive  the  maximum  flood  and  ebb  current  velocities  and  the  times  of 
maximum  ebt,  flood,  and  slack  raters  at  each  cubcrdinate  station. 

The  current  tables  give  the  inte“/al  cf  time  batween  current  floods, 
the  flood  direction,  the  nrarage  current  velocity  at  strength  of  current 
the  tropic  (maximum  current  due  to  astronomic  causes)  velocities  for  all 


reference  and  subordinate  stations.  It  should  be  emphasized  that  the 
currents  shovn  in  the  current  tables  are  based  on  observations  made  at  a 
relatively  shallow  depth  la  order  to  be  of  use  in  predicting  the  effective 
current,  the  average  draft  cargo  vessel  will  encounter. 


SURFACE  TIDAL  CURREKT  DISTRIBUTION 

Tidal  current  charts  prepared  by  the  U.S.  Coast  and  Geodetic  Survey 
(U.S.  Department  of  Commerce  Coast  and  Geodetic  Survey  19^8^  1952e)  present 
a comprehensive  view  of  the  surftice  tidal  current  movement  in  the  vreiterways 
of  Puget  Sound.  Tiiese  charts  show  the  direction  and  speed  of  the  current 
for  numerous  locations  In  the  northern  and  southE.rn  parts  of  the  Sound  for 
each  hour  of  the  day.  Time  is  reckoned  from  the  times  of  maximum  flood 
and  riSLximum  ebb  current  at  Admiralty  Inlet  for  the  northern  part  of  the 
Soiind  and  at  Tacoma  Narrows  for  the  southern  part  of  the  Souaid.  These 
charts  are  designed  to  be  used  with  the  current  tables. 

The  British  Columbia  Pilot  (Canada  Departme.nt  of  Mines  and  Resources 
19'+6)  furnishes  a description  of  the  main  features  of  the  surface  tidal 
currents  of  Puget  Sound.  The  Pilot  warns  navigators  of  the  following 
hazards : 


Tide  rips  whenever  the  wind  opposes  the  surface  current 
near: 


Apple  Cove  Point  Steilacoom 

Foulweathfr’"  ■Riiif'f'  Point  Wilson 


Strong  currents  near  the  following  points  and  in  the 
following  bays,  channels  and  passages: 


Admiralty  Bay 
Fort  Townsend  Canal 
Agate  Passage 
Rich  Passage 
Colvos  Passage 
Hale  Passage 


Squaxin  Passage 
Hanmiersley  Inlet 
Oro  Bay 
Skagit  Btiy 
Deception  Pass 


Strong  eddies  from  the  shore  o'Jt  toward  the  channel  in 
Deception  Pass  and  Port  Townsend  Canal. 


The  British  Columbia  Pilot  also  mentions  that  in  many  places  in  Puget 
Souaid  slack  water  occurs  from  half  an  hour  to  one  hour  earlier  near  the 
shore  than  in  mid -channel. 
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Surface  Tidal  Currents  In  Adjilralty  Inlet 


Figure  10-4’  give  the  predicted  c\irrent  curve  for  Admiralty  Inlet  during 
the  period  10  through  20  May  19^7  showing  its  change  with  the  moon's  declx- 
nation,  phase,  and  parallax.  At  the  beginning  of  the  record  (following  the 
moon's  maximiim  southerly  declination  on  the*  9th)  there  is  a maximum  of  in- 
equality in  the  flood  currents,  with  orly  little  inequality  in  the  ebb  cur- 
rents, During  the  first  five  days  with  apogee  on  the  10th,  and  last  quarter 
on  the  13th,  the  mean  currents  remain  somewhat  low,  giving  no  currents 
greater  than  2 knots  foi-  the  12th  and  13th.  The  inequality  in  the  currents 
is  minimum  at  the  time  of  equatorial  tides,  even  though  the  mean  cux’rents 
are  increasing  with  the  approach  of  new  moon  and  perigee  on  the  20th  and 
22d,  respectively.  In  the  last  days  of  the  record  the  inequalities  are 
also  increasing  with  .Lnereauieg  north  declination  of  the  moon.  A predomi- 
nant ebb  current  is  evident  during  this  interval  of  time. 

Figure  10-5  shows  the  relation  between  tide  and  current  at  Auudralty 
InJ.et  for  I5  and  I6  July  1928  (Bauer  192’8).  While  it  evident  that  the 
stronger  currents  are  associated  with  times  of  maximum  change  of  tide,  it 
is  also  clear  that  the  relationship  is  lot  a constant  one,  since  there  is 
no  fixed  relation  between  current  velocity  and  x’ange  of  tide  nor  between 
time  of  slack  water  and  maximum  tide.  Slack  water  may  follow  high  or  low 
water  by  anywhere  up  to  three  hours  which  is  characteristic  of  mixed  tides. 


CUHREIW  FLUCTUATIONS 

While  the  tidal  currents  In  Puget  Sound  have  two  floods  and  two  ebbs 
in  each  lunar  day,  they  do  not  undergo  a regular  sinusoidal  variation  with 
time.  As  can  be  seen  from  Fig.  10-6,  superimposed  on  the  usual  tidal 
changes  there  is  a primary  fluctuation  of  velocity  with  an  average  amplitude 
of  the  order  of  0.1  knot  and  a period  usually  between  15  and  4-5  minutes. 

In  the  Tacoma  Narrows  and  at  stations  not  near  mid-channel,  the  oscillations 
are  much  more  extreme  and  the  current  motion  becomes  very  complex, 

A secondary  fluctuation  averaging  O.05  knot  in  most  places,  but  0,2 
knot  in  mid-channel  in  Tacoma  Narrows,  occurs  with  a period  of  about  two 
minutes.  There  are  apparently  smaller  fluctuations  of  even  higher  order 
in  most  cases. 

These  fluctuations  in  current  are  often  associated  with  the  passage  of 
large  scale  eddies,  the  boxindarles  of  which  are  frequently  quite  sharp  and 
can  be  easily  spotted  from  shipboard.  Other  possible  causes  include  seiches 
and  internal  waves  generated  by  the  strong  tidal  currents  in  these  channels 
with  their  rugged  relief.  T3ie  local  wind  is  not  a possible  cause  in  this 
Instance  since  these  data  were  taken  under  calm  conditions. 
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Admiralty  Inlet  cuxxeiits  at  two  different  depths 
4T°59.0'  N.,  Long.  122°37.2’  W. 


for  the  position  Lat 


VtirPTHAT.  DISTRIBUTION  OF  CURFJLmTS 


In  order  to  determine  vertical  distribution  of  tidal  currents,  measure- 
ments have  been  made  in  recent  years  aL  several  depths,  both  in  those 
regions  with  Ihe  higher  current  velocities  (Paquette  and  Barnes  1951)  snd 
in  regions  with  more  nearly  average  current  velocities  (University  of 
Washington  Department  of  Oceanography  1953).  In  the  later  study  net  cur- 
rents over  a tidal  day  were  obtained  for  three  stations  at  six  depths  be- 
tween the  surface  and  the  bottom  in  approximately'  600  feet  of  water.  The 
stations  were  located  in  a line  across  the  Sound  ten  miles  north  of  Seattle. 

The  two  western  stations  show  the  normal  net  ebb  at  the  surface  and 
net  ebb  at  depth  with  the  depth  of  no  net  motion  e.t  about  275  feet.  The 
eastern  station  shows  net  flood  at  all  depths  with  slower  net  flood  p.t  the 
surface  and  stronger  net  flood  below  a depth  of  200  feet. 

These  results  can  be  explained  In  terms  of  the  net  vertical  circula- 
tion set  up  by  the  fresh  water  runoff  into  the  Sound.  This  lighter  water 
remains  in  the  surface  layer  and  must  on  the  average  flow  seaward.  During 
its  travel  it  mixes  with  the  underlying  salt  water  and  becomes  more  saline. 
Thus,  in  addition  to  the  net  flow  of  water  in  the  surface  layer  there  is 
also  a net  flow  of  salt  seav;aru  which  must  be  balanced  by  a net  inflow  of 
salt  at  the  deeper  levels.  This  net  circulation  must  be  maintained  by  the 
surface  slope  and  the  existing  density  structure. 


PJmCIjifr  ^i.'  uDxhS 

The  Coast  and  Geodetic  Survey  has  recently  completed  a tidal  current 
survey  in  Puget  Sound,  including  Admiral t^v  Inlet  and  Shagit  Bay.  A scries 
of  observations  made  with  radio  current  meters  at  stations  will  supple- 
ment previous  observations  with  a view  to  providing  characteristic  data  for 
the  various  parts  of  the  Sound.  The  series  of  observations  at  eaoli  station 
varied  from  2 to  2?  days  while  most  of  the  stati'ms  occupied  for  h days 

or  more. 

Further  tidal  current  sur'^eyr.  iu  Puget  Sound  are  not  contemplated  at 
this  time  (U.S.  Department  of  Conanerce  Coast  and  Geodetic  Survey  1953^). 


WIND  WAVES 


iiriRODUcnoH 

Waves  in  Puget  Sound  are  generated  by  the  local  winds.  Swell  from 
the  ocean  and  the  Strait  of  Juan  de  Fuca  rarely  penetrates  any  apprccieble 
distance  into  Admiralty  Inlet,  The  occurrence  and  size  of  large  waves  de- 
pends on  the  occurrence  and  streng^ch  of  storm  winds  and  on  the  length?  of 
the  fetches  in  the  area.  The  winds  almost  always  blow  either  up  or  down  the 
main  c’aannels  of  the  Sound.  The  maximum  fetch  lengths  are  35  nautical  miles 
in  the  main  basin  and  30  nautical  miles  in  Hood  Canal  and  Dabob  Bay.  In 
places  where  waves  meet  opposing  tidal  currents  a choppy  cross  sea  is  often 
set  up. 


v/'AVji  Observations 


In  general,  waves  in  Puget  Sound  are  seldom  a problem  except  to  the 
Sitall  boat  operator.  Brough,  in  connection  with  the  maintenance  of  rail- 
\my  tracks  and  road  beds  along  the  shore  of  Puget  Sound  writes  in  part: 

There  are  times  during  periods  of  high  tides  and  strong  wind? 
when  the  sea  wall  becomes  damaged  by  wave  action  resulting  in  dis- 
placing seme  of  the  top  courses  of  the  rock,  and,  during  very 
severe  storms,  and  ^vaves  break  over  the  sea  wall  and  the  back -wash 

material  of  the  underlying  track  embankment. 

It  is  not  often  that  the  sea  wall  suffers  structural  damage 
during  ordinary  storms  and  baintenance  of  the  'vrall  is  not  very 
much  of  a problem.  However,  the  washing  away  of  the  ballast  as 
it  occurs  at  spotted  points  is  not  a condition  typical  of  other 
track  that  is  not  subjected  to  the  heavy  washing.  Therefore,  more 
than  ordinary  maintenance  is  required  along  the  sea  wall  in  order 
to  keep  the  track  in  first  class  and  safe  condition. 

(Great  Northern  Railway  Company  1952.) 


Experience  in  the  operation  of  the  Department  of  Oceanography's  research- 
vessels  Indicates  that  in  the  stronger  winter  storms,  waves  of  4 foot  height 
can  be  expected  in  the  water  of  the  main  Puget  Sound  basin.  Hood  Canal,  end 
Admiralty  Inlet.  The  largest  ’./aves  observed  v:ere  In  Debob  Bay  with  a maximum 
height  of  8 feet. 


Effect  of  Ships'  Wakes  on  Shore  Installations 

The  supervision  of  this  problem  falls  to  the  U.S.  Army  Corps  of  Engineers 
who  report  that  no  study  lias  been  made  on  the  effect  of  ships'  wakes  on  3^*0276 


•:?  ■■r.f.‘iaav>irr 
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Installations.  With  the  exception  of  the  establishn’.ent  of  regulations 
governing  the  epeed  of  vessels  in  the  Lake  V'a:-:hingtcn  Ship  Canal  to  reduce 
erosion,  damage  to  shore  installations,  and  to  lessen  the  possibility  of 
accidents,  no  regulations  have  been  prescribed  for  this  area  directed  at 
reducing  the  damage  caused  by  ships'  vakes  (U.S.  Aray  Corps  of  Engineers 

1952) . 


WIND  WAVE  PPEDICTION 


Wind  data  is  not  published  in  a form  suitabD.e  for  a statistical  study 
of  vind  "i.’avG  production,  and  thus  it  is  neccssarj'  to  refer  to  original  re- 
cords for  the  required  information.  For  this  pui'pose,  winter  of  1990  ’»'as 
chosen  as  a typical  exan^le,  as  records  obtained  by  the  Department  of 
Meteorology  at  the  University  of  Washington  were  available  for  that  period 
(University  of  Washington  Department  of  Meteorology  n.d.).  Since  the  mean 
wind  velocities  for  January  and  February  are  somewhB.t  less  than  10  luiots, 
all  periods  with  average  winds  above  this  value  were  considered  periods  of 
high  v;inds  caused  by  the  passage  cf  storm  centers..  In  the  two  months  there 
were  26  such  periods  with  durations  from  1 to  26  hours.  The  durations  fell 
into  three  groups: 

Short : 


T 0 ***  * 


25  hour: 


the  length  of  time  of  high  v'inds  appeared  to  be  more 
or  less  uniformly  spread  over  durations  up  to  7 or  8 
hours  with  ten  cases  falling  in  this  group; 

ten  cases  of  hiprh  wind  had  durations  betvrccn  10  and 


pix  cases  of  high  wind  had  durations  betweeii  21  and 
28  hours. 


In  general,  Vhe  wind  did  not  remain  above  10  kiiots  for  the  '.ctal  dura- 
tion, but  inter'/alb  of  riighcr  winds  were  separated  by  those  of  lesser  winds. 
For  example,  half  and  three-quarters  of  the  instances  of  hourly  averages 
above  10  knots  were  for  less  than  3 find  6 hours,  respectively.  There  were 
po  cases  with  average  hourly  velocities  above  I5  knots,  half  of  less  than 
2 hours  duration;  and  5 cases  of  average  hourly  winds  above  20  Imots,  one 
each  for  1,  2,  and  3 ho\ir  durations.  In  the  beginning  of  Apidl  winds  of 
10  knots  or  more  blew  for  4l  consecutive  hours,  with  fo;jr  periods  of  about 
5 hours  duration,  each  with  winds  over  I9  knots,  and  one  1:  hour  period  with 
winds  over  20  knots. 


xheox’etical  Wave  iieatsht.s 

Table  10-5  has  been  constructed  from  procedures  found  in  H.  0.  Pub, 
no.  6o4  (U.S.  Na’^y  Hydrographic  Office  3951)  to  utilize  the  above  t;/pe  of 
wind  data  in  determining  the  resulting  ^/ave  characteristics  in  I'ug.at  Sound. 
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Since  the  buildup  uf  winds  to  10  or  15  knots  is  usually  rather  gradual, 
the  waves  have  a chance  to  reach  their  maxirnum  height  as  determined  by  the 
fetch  in  all  but  the  very  shortest  storms.  That  is,  on  the  weaker  stoims, 
waves  of  2 to  3 foot  height,  about  3 second  period,  and  46  foot  distance 
between  crests,  are  to  be  expected  at  the  ends  of  the  longer  fetches,  but 
with  decreased  magnitudes  for  the  shorter  fetches;  according  to  the  limits 
shown  in  the  table.  Several  times  a month  the  wind  will  be  over  15  knots 
long  enough  to  produce  waves  of  about  4 foot  height  (3  1/2  second  period 
and  62  foot  wave  length)  as  observed  during  oceanographic  cruises.  A few 
times  a year  the  wind  may  remain  above  20  knots  for  sufficient  time  to  give 
waves  of  5 6 foot  amplitude,  but  only  rarely  will  waves  larger  than  this 

be  observed.  The  maximum  observed  wave  heights  (8  feet  in  Dabob  Bay)  must 
have  been  due  to  several  hours  of  wind  at  25  knots  or  more  which  rarely 
occur  in  the  Puget  Sound  region. 


THE  TABLE.  Consider  wind  with  an  average  velocity  of  15  knots  begin- 
ning to  blovr  in  Hood  Canal.  Waves  are  to  be  observed  at  a point  10  miles 
from  the  upwind  end  of  the  fetch.  Entering  Table  IO-5  in  the  15  knot  column, 
it  is  found  that  the  waves,  after  1 hour,  would  have  a height  of  1 l/4  feet, 
period  of  12/3  seconds,  and  wave  length  of  l4  feet.  They  would  continue  to 
grow  until  they  reached  a height  of  2 3/4  feet,  period  of  2 1/2  seconds, 
and  a wavs  length  of  32  feet  after  a total  of  3 l/S  hours.  They  would  not 
increase  further  since  they  are  sho--m  to  be  limited  by  the  10  mile  fetch. 


PRESENT  STUDIES 

No  knoTO  work  is  in  progress  on  waves  in  Puget  Sound  although  wind 
observations  are  being  taken  continuously  by  both  the  Dep&itment  of 
Meteorology  on  the  University  of  Washington  Campus  and  the  U.S,  Weather 
Bureau  in  Seattle.  See  section  on  Climatology  for  discussion. 
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TRAKSPARENCY 


IKTRODUCTION 

The  penetration  of  light  into  the  val=xo  of  Puget  Sound  has  been 
studied  by  the  use  of  photoelectric  or  photronlc  ce^s.  Emphasis  been 
Dieced  upon  the  penetration  of  certain  spectral  bands  of 
radiation.  No  Secchi  disc  observations  have  been  recorded  from  the  area. 

The  most  pertinent  of  the  available  data  are  described  below.  Addi- 
tional information,  contained  in  references  cited  in  the  bibliograpny, 
include  data  for  the  Strait  of  Juan  dc  Faca,  the  waters  adjacent  to  the 
San  Juan  Islands,  and  the  open  ocean  extending  northward  to  Alaska. 


AVAILABLE  LATA 

Observations  collected  at  approximately  monthly  intervals  during  19^4 
at  two  stations,  one  off  Pillar  Point  (lat.  he^lS'  N.,  long.  I2h  53  v;.) 

in  the  Strait  of  Juan  de  Fuca,  and  the  second  in  the  entrance  to  Hood  Canal 
(lat  47"56’  N.,  long.  122°33'  V(.),  are  published  in  Seasonal  CliangeS  xU 
Comnonents  of  Submarine  Daylight  (Williams  and  Utterback  193b)- 
dat'a  for  the  yea.rs  1935  and  1936  for  the  Pillar  Point  station 
same  period,  for  a station  off  Point  No  Point  (uat.  5^  ^ ^ 

W.)  are  published  in  Variations  in  Components  of  Submarine  ixayxxgnt  for 
1035  and  1936  (Utterback  and  Miller  1937)- 

All  the  data  are  based  on  measurements  of  the  penetration  of  sunlight 
and  were  made  with  a photronic  cell  fitted  with  a series  of  filters  tliat 
pemnltted  observations  to  be  made  at  a nuinber  of  depths  for  light  inten- 
sities in  relatively  narrow  spectral  bands.  In  analysing  the  data  the 
authors  have  ascribed  specific  wave  lengths  in  these  filte^.  The  results 
are  presented  in  the  form  of  extinction  coefficients  X . The  ^erm  K is  de- 
finsd.  by  'tbe  expjTGSsicnj 


^Tv,-  ^^-30(log  - log 


where  and  Iv  / . n ^ represent  the  li^t  intensities  for  the  ascribed 

;reve  l^&th,  X,  ofi^fiSrizontal  surfaces  at  the  depths  z and  (z+1)  meters, 
iSIpectively.  The  data  are  given  in  Tables  10-6,  10-7  and  10-8  for  various 
i^vflSS  for  two  depth  intervals,  0 to  10  meters,  and  10  to  20  meters. 

The  extiuction  coefficient  values  x,  given  in  these  tables,  can  be  converted 
to  equivalent  Secchi  disc  readings  for  a depth  D,  in  feet,  by  means  or  tne 
following  approximate  expression: 


D,  (feet)  = 9-6 


(Poole  and  Atkins  1930)- 


Transparency  at  Different  Wavelengths 


Kepresentative  data  from  the  area  were  used  in  The  Oceans  (Sverdrup, 
Johnson,  and  Fleming  1946)  as  examples  of  the  transparency  conditions  in 
coastal  waters  (for  example.  Fig.  20).  A similar  presentation  the  data 
for  Point  No  Point  is  given  in  Fig.  10-7.  Here,  observations  for  1935  and 
1936  for  the  surface  layers,  0 to  10  meters,  have  been  plotted  against 
wavelength.  Although  the  points  show  wide  distribution,  the  maximum  tran- 
mission  is  in  the  green  (between  3000k,  and  3500k).  This  is  characteristic 
of  coastal  waters.  Values  for  the  depth  of  visibility  of  a Secchi  disc, 
computed  from  the  relationship  D = 5*6^,  are  shown  for  X,=  9300A.  in  the 
tables . 

Data  for  the  depth  interval,  0-10  meters  for  3300k.,  are  plotted 
against  the  months  of  the  year  in  Fig.  10-6.  A wide  spread  in  the  values 
for  any  one  month  may  be  observed  and,  in  general,  the  observations  from 
Point  No  Point  reveal  a lower  transparency  than  those  from  Pillar  Point, 
Tliere  is  no  clearly  defined  seasonal  pattern  although  the  data  indicate  that 
optiDial  transparencies  occur  Jr.  the  fall  months.  Comparison  of  the  data  in 
Figs.  10-7  and  10-8  with  material  in  The  Oceans  (Sverdrup,  Jolmson,  and 
F.lemlng  1946)  shows  that  the  transparencies  vary  between  those  for  "coastal 
maximum"  and  "oceanic  minimum. " 


FACTORS  AFFECTING  TRANSPARENCY 

The  lo’w  transparency  in  the  area  may  be  ascribed  to  the  suspended  ma- 
terials and  dissolved  humic  compounds  introduced  by  fresh  water  runoff  from 
the  land,  and  to  the  presence,  at  certain  times,  of  large  plankton  popula- 
tions, Heavj'-  rains,  particularly  in  the  fall,  increase  the  quantities  of 
silt  and  suspended  load  of  the  rivers.  Muddy  outflow  can  easily  be  traced 
into  Puget  Sound  (see  section  on  Geology:  Recent  Sedimentation).  The  large 

amovint  of  terrigenous  material  carried  into  Puget  Sound  by  the  rivers  un- 
doubtedly contributes  to  reduced  transparencies.  The  period  of  heavy  lUinoff 
extends  through  the  spring  and  simmer  in  the  major  rivers  by  the  melting 
snow  at  the  higher  elevations  (see  section  on  Hydrology).  During  the  spring 
and  summer  large  plankton  populations  must  also  play  their  pare. 

The  period  of  optimfil  transparencies  is  in  the  fall  corresponding  to 
months  with  minimum  runoff,  small  pleuokton  populations,  and  greatest  oceanic 
influence  in  the  area.  A qualitative  agreement  exists  letween  transparency 
and  salinity.  At  Point  No  Point  all  low  transparencies  (large  values  of  x ) 
occurred  when  salinities  were  less  than  29°/oo. 

The  causes  of  the  reduced  transparencies  and  the  nature  of  the  water 
movements  in  Puget  Sound  are  such  that  the  conditions  at  Point  No  Point 
cannot  be  considered  as  representative  of  the  whole  Sound.  Data  from  the 
entrance  to  Hood  Canal  are  essentially  similar  to  those  for  Point  No  Point  as 
might  be  expected  fx'om  the  close  proximity  of  the  two  stations.  Transparencies 
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TABLE  10-7.  Extincliion  Coefficientfa  Per  Meter  at  Pillar  Point,  1935-3^ 
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Table  from  Variations  in  Components  of  Submarine  Daylight  for  1935  and  1936  [Utterback  and  Miller  1937) • 
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EXTINCTION  COEFFICIENT  PER  METER 


4800  BLUE  0000  BBEEN  8000  YELLOW  8CCG  CnANOE  8000  RED 

WAVE  LENGTH  IN  ANGSTROMS 

Extinction  coefficients  off  Point  No  Point,  1935-3o>  for  wavelengths 
indicated.  Plotted  points  represent  the  0-10  meter  interval  values 
found  in  Table  10-7 • 
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DEPTH  OF  VISIBILITY  OF  SECCHI  DISC  IN  FEET 
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Seaconal  variation  of  extinction  coefficients  for  wavelength  S3OOA.. 
for  Pillar  Point,  193^-36;  Hood  Canal,  193^;  and  Point  No  Point,  1935- 
36.  Plotted  points  represent  averaged  0-10  sctsr  interval  values 
i'Ouud  in  references  (Williar.s  and  Utterback  1935 > Ulterback  and  Miller 
1937)  and  reproduced  in  part  in  Tables  10-5,  10-6,  and  10-7. 
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at  Pillar  Point  are  generally  greater  than  those  at  the  other  two  illations 
because  of  the  reduced  influence  of  local  runoff  and  the  closer  source  of 
inflowing  oceanic  water. 

Comparison  of  the  data  for  the  two  depth  intervals,  0 to  10  meters, 
and  10  to  20  meters,  shows  that  in  75  percent  of  the  cases  the  transparen- 
cies near  the  surface  were  less  than  an  depth.  In  the  25  percent  of  the 
cases  where  the  surface  layers  were  more  transparent,  the  differences  in 
the  extinction  coefficients  were  very  small.  Recent  preliminary  observa- 
tions made  by  the  Department  of  Oceanography  with  a hydrophotometer  have 
shown  that  the  surface  layer  of  reduced  tranFiparency  can  be  only  a few  meters 
thick,  corresponding  to  the  zona  of  marked  dilution.  No  detailed  studies 
of  the  vertical  variations  in  transparency  have  been  published  for  P’igct 
Sound  although  some  information  for  adjacent  areas  may  be  found  in  the 
references  (Utterback  and  Boyle  1933 > Utterback  1933 i Utterback  end  Jorgensen 
1934) . 

A patchy  distribution  can  he  anticipated  at  any  given  time  and  continu- 
ous observations  at  any  one  locality  can  be  expected  to  show  varying  trans- 
parencies, Fluctuations  related  to  the  tidal  currents  are  probable. 


REFI.ECTI0N  AND  SCATfERING 

Basic  Investigations  of  the  amount  of  sunlight  reflected  and  scattered 
by  the  sea  surface  have  been  made  for  different  sky  conditions  and  sea 
states  (Trumble  1947) • Studies  have  also  been  made  of  light  scattering  in 
the  water  (Jorgensen  1938)* 


COLOR  OF  TKE  WATER 

No  detailed  observations  are  available  concerning  the  apparent  color 
of  the  surface  waters  of  Puget  Sound.  It  geuerully  varies  between  green 
and  brown,  depending  upon  the  content  of  suspended  and  dissolved  maxerlal. 
Discoloration  caused  by  tremendous  concentrations  of  planktonic  organisms 
has  been  observed.  See  Biology  Section, 


PRESENT  STUDIES 

No  new  work  is  knora  to  be  in  progress. 
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WATER  mss  CHARACTERISITCS 


INTRODUCTIOM 

Salinity  and  temperature  observations  in  the  waters  of  Puget  Sound 
and  approachoB  have  b<»en  made  rather  extensively  since  1932--the  years 
19^2-194-7 — excluded.  The  physiography  and  bathymetry  of  the  basin,  the 
local  climate,  and  the  contributing  sources  of  fresh  and  salt  water  influ- 
ence these  water  mass  characteristics.  The  principal  circulating  and  mix- 
ing forces  are  largely  tidal,  but  wfnd  stress  and  hydrostatic  head  from 
river  runoff  are  also  important.  Locally,  the  restricted  entrance  and 
subdivision  sills,  the  deflecting  force  of  the  earuh's  rotation  and  irregu- 
lar chaimels,  combined  with  the  inertia  of  the  moving  water,  also  influence 
ciicuiation  and  mixing.  See  volume  II,  section  on  Hydrography  for  general 
bathymetry,  the  location  of  the  principal  sills,  and  depth-volume  relation- 
ships . 

Overall,  the  Puget  Sound  area  is  one  in  which  precipitation  and  runoff 
exceed  evaporation- -the  excess  fresh  water  draining  seaward  surficially 
carrying  with  it  a varying  amount  of  salt.  A net  influx  of  salt  water 
occurs  at  depth.  The  primary  source  of  this  salt  water  is  the  open  Pacific 
Ocean,  but  this  water  is  somewliat  diluted  in  the  Strait  of  Juan  de  Fuca  by 
effluent  from  the  Strait  of  Georgia  and  to  a lesser  extent  by  that  from 
Puget  Sound  itself.  Mixing  occurs  predominantly  over  the  shoaling  bottom 
areas  in  the  eastern  end  of  the  Strait  of  Juan  de  Fuca,  and  in  the  connecting 
channels  to  the  Strait  of  Georgia  and  Puget  Sound,  Puget  Souiid  can  be  con- 
sidered essentially  a tributary  embayment  to  the  Strait  of  Juan  de  Fuca- 
Strait  of  Georgia  system,  little  affecting  what  happens  in  that  system,  but 
on  the  other  hand  being  greatly  affected  by  the  conditions  existing  therein. 
The  Strait  of  Juan  de  Fuca  is  the  immediate  source  of  deep  water  in  the  Puget 
Sound  Basin.  It  is  the  source  of  salt,  although  at  times,  more  salino  water 
at  basin  depths  can  be  replaced  by  less  saline  Strait  water. 

Fresh  water  is  added  to  Puget  Sound  by  river  runoff,  ground  water, 
and  direct  precipitation  on  the  water  surface.  Fresh  water  added  by  conden- 
sation of  water  vapor  on  the  water  surface  occurs  but  is  negligible  compared 
to  the  first  named  sources.  The  loss  of  fresh  water  by  evaporation  also 
occurs  and  is  relatively  most  important  from  July  to  early  October  during 
the  period  in  which  runoff  and  precipitation  are  low.  See  Table  2-3. 

The  ocean  during  summer  is  a pronounced  heat  sink.  At  this  season  the 
coldest  but'surface  water  of  the  year  penetrates  the  Strait  of  Juan  de  Fuca 
at  depth.  Part  of  this  >ra.ter  mixes  at  the  sills  with  relatively  warm  and 
dilute  surface  water  flowing  seaward  froui  the  inner  basins.  The  resultant 
mixture  feeds  landward,  generally  at  or  near  the  bottom.  During  winter, 
the  vrater  surface  loses  heat  to  the  atmosphere,  the  greatest  change  in  tempera- 
ture occurring  in  the  shallow  exbreaities  of  the  inner  basins.  The  tempera- 
ture of  deeper  Strait  water,  at  its  yearly  maximum  in  winner,  approaches 
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that  of  the  deep  basin  water  and  may  at  times  act  as  a heat  source  for  that 
subsurface  water  as  well  as  for  the  surface  water  within  the  Straic  proper. 
During  periods  of  intense  cooling,  however,  the  upper  water  in  the  Strait 
of  Juan  de  Fuca  may  be  greatly  cooled  locally  as  well  as  by  influx  of  cold 
water  from,  the  Strait  of  Georgia.  Consequently  the  mixed  water  which  flows 
into  Puget  Sound  at  depth  is  colder  than  that  formed  at  the  surface  within 
the  Sound. 

The  sills  are  critical  in  controlling  the  mixing  and  the  nature  of 
the  water  contributing  to  depth  in  the  inner  basins  of  Puget  Sound.  Re- 
placement of  the  deep  water  is  effected  rather  abruptly  during  the  autumn 
by  addition  of  greater  density,  high  salinity  water,  and  more  or  less  gradu- 
ally during  the  remainder  of  the  year  by  turbulent  mixing  with  less  dense 


SALINITY  DISTRIBUTION 

On  the  basis  of  the  general  background  given,  the  water  mass  character- 
istics will  now  be  discussed.  Summer,  winter,  and  general  seasonal  conai- 
tions  will  be  described  utilizing  the  results  of  recent  surveys  as  typical 
examples. 


Sumner  Conditions 


The  summer  distribution  of  salinity  in  the  Puget  Sound  system  from  the 
Strait  of  Juan  de  Fuca  to  the  hep.ds  of  various  tributary  arms  Is  shown  by 
mid-channel  salinity  profiles  in  Fig.  10-9.  The  field  observations  were 
made  in  the  period  18-22  July  T953  on  BROWN  BEi\R  cruise  no.  30.  The 
salinity  at  the  outermost  station  in  the  Strait  of  Juan  de  Fuca  ranges 
from  31.7  °/cc  at  the  surface  to  33-8  °/oo  at  the  600  foot  depth,  and 
averages  approximately  33*2  °/oo.  It  decreases  to  average  values  of  29.^  °/oo 
over  approximately  the  same  depth  range  in  Puget  Sound  south  of  the  Tacoma 
Narrow's,  and  30*0  ^/oq  ir  Jood  Canal.  Pronounced  drops  in  salinity,  0.5  °/oo 
to  1.5  ®/oo,  occur  at  the  major  sills,  such  as  those  across  the  main  channel 
from  Victoria  to  Green  Point,  at  Admiralty  Inlet,  and  in  the  Tacoma  Narrows. 
Similar  gradients  are  evident  at  Deception  Pass  and  the  entrance  to  Hood 
Canal.  The  along-channel  gradients  are  relatively  small  in  the  deeper  water 
of  the  principal  basins  away  from  the  direct  influence  of  the  ';ills  or  lat- 
eral constrictions. 


In  the  surficial  w'aters,  shallow  lenses  of  npintively  fresh  w'ater 
appear  locally  off  the  river  mouthn  wv>ere  fresh  water  from  runoff  overrides 
the  saline  water  at  depth.  Most  of  the  salinity  increases  in  the  basins 
occurs  within  the  upper  50  feet.  Over  this  depth  range  salinities  may  in- 
crease from  a few  parts  per  mille  to  27  °/oo  or  29  ^/oo.  At  greater  depths 
the  change  is  smaller,  not  more  than  1 °/oo  to  2 °/oo,  although  the  maximuin 
depth  may  be  as  much  as  9^^  feet.  The  clouds  of  accumulated  fresh  water 
discharged  by  rivers  are  most  prominent  in  the  immediate  vicinity  of  river 
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SUMMER  SALINITY 


mouthfj,  but  may  extend  over  most  of  the  basin  surface  inside  the  entrance 
sills.  Near  them  lateral  vertical  turbulence  accompanylutj  the  tidal  cur- 
rents tpnds  to  break  down  the  stratification,  affording  at  times  rather 
thorough  top  to  bottom  mixing.  Bather  thorough  mixing  is  a common  occur- 
rence in  the  Tacoma  Narrows  and  Deception  Pass  and  may  possibly  occur  in 
Admiralty  Inlet  accompany!  stronger  tidal  currents.  Figure  10-9 

shows  a lens  of  fresh  water  largely  contributed  by  the  Skagit  P.iver,  but 
supplemented  by  the  Snohomish,  Stillaguamish  and  lesser  rivers,  extending 
over  the  northern  end  of  Puget  Sound  from  Deception  Pass  to  the  middle  of 
the  main  basin  at  ALki  Point,  and  also  oeaward  into  Admiralty  Inlet,  there 
disfaipating  by  vertical  turbulence.  The  contribution  of  the  Pu;™3JLup 
River  is  evident  Just  north  of  the  Tacoma  Narrows  and  that  of  the  Ni squally 
River  farther  to  the  south.  Within  the  Tacoma  Narrows  the  strong  tidal 
currents  have  destroyed  the  stratification. 

In  Hood  Canal  the  individual  effects  of  the  several  contributing 
rivers  cannot  be  r'^adily  disting, uished  in  mid-channel,  but  a surface 
cloud  of  less  saline  water  extends  continuously  from  Lynch  Cove,  in  the 
south,  to  the  region  of  stronger  currents  at  the  entrance.  This  low  sal- 
inity layer  also  extends  into  Dabob  Bay  at  the  northern  end  of  Hood  Canal 
proper. 

The  dispersion  of  the  surface  clouds  of  less  saline  water  requires 
vertical  or  lateral  mixing  across  isopycnic  (o^)  surfaces,  with  attendent 
high  energy  demand.  This  energy  is  largely  supplied  by  wind  and  tide, 
the  tide  having  the  greatest  influence  in  the  Puget  Sound  area.  The  clouds 
of  less  saline  water  thus  tend  to  maintain  their  identity — moving  bodily 
with  changing  wind  and  tide — but  resisting  mixing  with  ambient  water  of 
different  mass  characteristics,  irofile  measurements  made  with  an  S-T-B 
( Salinity-Temperature -Depth  Recorder)  have  shown  salinity  gradients  along 
the  vertical  exceeding  3 °/oo  per  foot.  Lateral  variations  at  tide  rips, 
where  waters  of  different  salinities  converge,  may  amount  to  a few  parts 
pAT*  vlioussnd.  vi+liin  fi. 

The  movement  of  surface  lenses  of  the  less  saline  water  has  also  been 
studied  by  using  the  S-T-D.  On  a flood  tide  the  hydrostatic  head  of  the 
fresh  :.'atcr  opposeR  the  incoming  tidal  stream  to  give  a well  defined  con- 
vergence with  closely  spaced  and  sharply  tilted  isolines.  With  an  ebb  tide 
the  hydrostatic  head  of  the  fresh  water  is  directed  along  the  tidal  flow. 

The  boundary  between  the  two  water  masses  is  diffuse  and  the  isolines  almost 
horizontal.  Fingers  of  less  saline  water  frequently  extend  downstream. 
Aerial  photographs  of  the  effluent  of  the  Dosewallips  River  carrying  glacial 
silt  into  Hood  Canal  show  distinctly  the  nature  of  these  interfaces.  On 
an  ebb  tide  the  surfc.cs  water  may  ride  seaward  over  a mixing  sill  but  retain 
much  of  its  identity  until  it  is  pinched  off  by  the  subsequent  flood.  Thus, 
clouds  of  fresh  water  may  be  discharged  in  step  with  the  tide. 

W'ithin  the  Sound  a two-layer  water  structure  predominates.  In  this 
type  of  distribution  a layer  of  relatively  fresh  war.er  overlies  water  of 
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salinity  approaching  that  of  the  open  sea,  the  two  layers  being  separated 
by  a thin  interface  transition  zone.  Significant  interfaces  do  occasionally 
occur  at  depth,  to  give  a system  of  three,  or  very  rarely  more,  significant 
layers.  In  particular,  stratification  may  occur  at  sill  level  in  the  deeper 
sills  which  separate  tributary  arms  such  as  Dabob  Bay  and  Port  Susan  from 
the  main  basin.  Mixing  .forces  across  the  sills  are  small  and  a small  den- 
sity gradient  at  sill  level  may  be  sufficient  to  greatly  retard  the. flush- 
ing of  waters  entrapped  behind  the  sills.  Interchange  of  entrapped  water 
has  been  almost  entirely  blocked  for  periods  of  three  months  in  Port  Susan 
and  nine  or  more  months  in  Dabob  Bay.  No  evidence  for  isolation  extending 
over  a period  of  several  years  has  bee.i  found  in  Puget  Sound  waters  although 
it  apparently  occurs  in  the  deeper  waters  of  certain  of  the  fiords  in  British 
Columbia  to  the  north. 

Studies  with  the  S-T-D,  which  gives  continuous  vertical  profiles,  show 
a stepwise  distribution  of  properties  in  the  head  of  the  Strait  of  Juan  de 
Fuca.  As  many  as  four  distinct  homogeneous  layers,  separated  by  relatively 
sharp  transition  interfaces,  have  been  found  in  a single  vertical  profile. 
This  structure  is  attributed  to  the  interleafing,  at  their  respective  density 
levels,  of  discrete  entitles  of  vrater  contributed  into  the  Strait  over  their 
respective  mixing  sills.  The  isolines  depicted  in  the  salinity  profiles 
and  dlagreuns  shown  in  this  report  are  based  on  conventional  reversing  bottle 
techniques,  and  show  the  macro structure  but  exclude  rauch  pertinent  small 
scale  structure  at  depth  as  observed  with  the  S-T-D. 


Winter  Conditions 

The  winter  salinity  distribution,  based  on  observations  made  during 
Februa.\'y  1953^  on  BROWN  BEAR  cruise  no.  21,  is  shown  in  Fig.  10-10.  The 
pattern  is  similar  to  that  in  summer  but  the  near-s\rface  gradients  are 
somewhat  less  as  a consequence  of  increased  wind  mixing  and  the  local  cooling 
which  promotes  convective  overturn.  At  corresponding  locations  and  depths 
the  winter  salinity  •'/alues  in  the  deeper  waters  do  not  vary  more  tiian 
0.0  /oo  to  2.0”/oo.  Greater  changes  at  depth  occur  in  the  Strait  of  Juan 
de  Fii.ca,  near  the  contributing  source  of  deep  water  from  the  ocean,  than 
occur  in  the  inner  basins.  On  the  other  hand  the  basins,  near  the  contribu- 
ting source  of  river  water,  show  greater  changes  in  surface  salinity  than 
does  the  Strait  down  stream  from  these  fresh  water  sources.  This  ocean  source 
changes  seasonally  with  the  greatest  vertical  uplift  accompanying  the  summer 
wind  and  current  patterns  along  the  coast  and  feeding  the  highest  salinity 
and  lowest  temperature  water  into  the  Strait  during  July  and  August. 


General  Seasonal  Conditions 


The  seasonal  changes  in  salinity  for  the  period  October  195^  (February 
1953  at  Pillar  Point)  to  February  195*!-  are  shown  for  selected  locations  by 
the  following  figures;  Fig,  10-11,  Pillar  Point;  Fig.  IO-I3,  Point  Jefferson; 
Fig,  10-14,  Gordon  Point;  Fig.  10-15,  Tekiu  Point;  and  Fig.  IO-I6,  Camano 
Head,  Esf^t,  These  patterns  are  based  on  the  results  of  monthly  cruises  made 
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by  the  M.V.  BROww  BEAR  or  the  M.V.  ONCORHYNCHUS  during  the  Indicated  period. 
Data  of  less  continuity,  but  obtained  over  a longer  period,  193^-19^2,  from 
the  M.V,  CATALYST  support  the  cycles  as  depicted  herein. 

The  upper  water  at  Pillar  Point  (surface  to  100  feet)  shows  a rather 
ill  defined  winter  minimum,  the  surface  water  dropping  to  30.9  °/oo  in 
March  1953  and  29.2  °/oo  in  February  195^.  This  minimum  follows  the  local 
precipitation  and  runoff  cycle  and  can  be  expected  to  very  in  time  and  in- 
tensity from  year  to  year.  A second  mlnlnum  occurred  in  August  when  the 
surface  salinity  dropped  below  30.0  ®/oo.  This  minimum  resulted  primarily 
from  melting  snow  feeding  seaward  from  the  Fraser  River  which  peaks  amiually 
in  June  or  July.  At  depths  greater  than  200  feet  a well  defined  salinity 
maximum  occurred  in  July  or  August,  the  period  being  progi’essively  retarded 
as  the  depth  increased.  This  summer  maximum  lias  occurred  persistently  in 
all  years  where  sufficient  data  exist  to  define  the  seasonal  conditions. 

The  upper  waters  at  Point  Jefferson  also  show  the  dual  salinity  minima, 
one  in  late  winter  or  early  spring  and  the  other  in  mid-summer.  The  lowest 
average  salinity  for  the  entire  water  column,  about  29 .5  occurred  in 

April  and  the  high^^st,  about  30.9  °/°o  and  30.6  °/oo,  occurred  in  November 
of  1952  and  October  of  1953  respectively.  The  most  rapid  replenishment  of 
deeper  water  occurs  in  auturan  or  early  winter.  The  patterns  in  basins  more 
remote  from,  or  less  well  connected  to,  the  sea  as  Gordon  Point  in  southern 
Puget  Sound,  T^l  Por.n't  1.11  ^ and  Camanc  Head  in  Port  Susan,  all 

show  somewhat  similar  salinity  patterns,  but  the  maximum  values  are  less, 
and  the  periods  of  tho  maxima  are  later  in  the  fall  or  winter,  Tlie  miniiija 
at  depth  are  less  well  defined  with  little  change  throughout  the  spring  and 
summer . 


TEMPERATURE  DISTRIBUTION 


. _ J J 
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based  on  measurements  made  simultaneously  with  those  for  salinity  which,  were 
treated  above.  Together  these  two  independent  variables  determine  the  den- 
sity of  the  sea  water  under  atmospheric  pressure,  commonly  expressed  asa.^., 
which  in  turn  greatly  influences  the  circulation  and  flushing.  Both  vari- 
ables are  tied  in  with  circulation  and  mixing.  If  allowance  is  made  for  the 
transfer  of  mass  and  energy  aci'oss  the  water  surface,  a certain  parallelism 
would  be  expected  in  their  variations. 


Summer  Conditions 


The  summer  distribution  of  temperature  from  the  Strait  of  Juan  de  Fuca 
to  the  heads  of  the  various  arms  is  shown  by  mid-channel  temperature  profiles 
in  Fig.  IO-I7.  At  this  season  the  primary  "cold  source"  is  the  deep  VTater 
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of  the  Strait  vith  valucG  less  than  6.5°  C.  evident  below  i^00  feet  seavrard 
of  the  Victoria-Green  Point  sill.  Geccndary  cold  sources  are  clouds  of 
residual  winter  or  spring  water  at  depth  in  the  inner  basins,  particularly 
that  water  near  the  heads  of  the  basins  as  in  Saratoga  Passage,  the  main 
xhiget  Sound  basin  north  of  the  Tacoma  Narrows,  southern  Hood  Canal,  and 
the  entrapped  bottora  water  behind  the  Dabob  Bay  and  Port  Susan  sillij.  The 
resgective  minima  in  these  secondary  sources  are  approximately  10.0'^, 

8.6  , 8,8  , and  8,4  C.  A distinct  remnant  of  8,5  C,  water  exists  at  a 
depth  slightly  above  sill  level  in  the  northern  extremity  of  Dabob  Bay,  In 
the  more  freely  circulating  water  not  trapped  behind  subsidiary  sills  these 
minima  and  their  rates  of  change  on  the  warming  cycle  of  the  year  afford  a 
rough  index  of  the  relative  flushing  periods  of  the  deep  basin  water.  A 
higher  tec^erature  at  depth  generally  indicates  a quicker  response  to  surface 
conditions.  The  "surface  conditions"  are  these  representative  of  the  more 
or  less  mixed  waters  fed  into  the  basins  at  depth  from  the  entrance  sills. 

The  net  movement  at  depth  is  directed  from  the  entrance  sills  t''wards  the 
heads  of  tne  basins  and  that  near  the  surface  in  the  reverse  direction. 
Consequently  the  deeper  water  carries  the  "fossil"  temperatures  towards  the 
head  of  the  basin  and  accounts  for  the  persistence  of  the  temperature  minima 
at  those  extremities.  On  the  cooling  cycle  of  the  year  "fossil"  temperature 
maxima  are  foxind  in  the  deep  or  mid-depth  water  at  the  basin  extremities. 
These  maxima  and  their  cliange  with  time  may  be  similarly  used  as  a rough 
index  of  the  flushing  rate.  The  more  rapid  flushing  of  the  southern  part  of 
the  main  basin  of  Pugot  Sound  and  that  of  the  southern  basin  probably  stems 
fiOm  the  intensive  mixing  of  large  volumes  of  water  to  considerable  depth  in 
the  Tacoma  Narrows. 


The  heat  source  is  insolation.  High  temperatures  are  most  apparent  in 
the  surface  water  at  the  heads  of  these  arms  in  which  tidal  mixing  and  re- 
plenisimient  are  at  a minimum.  The  highest  temperatures  17°  to  20“  C.  are  in 
southern  Hood  Canal  where  the  prevailing  summer  winds  also  tend  to  retain 
the  locally  heated  water.  Outside  Hood  Canal  only  occasional  thin  patches 
of  surface  water  exceeding  15°  C,  are  found.  .Surface  temneraturep;  Sn 
tary  bays  and  along  the  periphery  of  the  main  basins  would,  however,  be 
somewhat  higher  taan  the  mid-channel  values  shown.  Again,  as  in  the  case  of 
the  saiinlt.y,  the  greatest  temperature  gradients  within  tlie  basins  are  ■’r 
the  upper  50  feet,  with  relatively  ^ittle  cheuge  at  greater  depths.  In'* 

Hood  Canal,  decreases  as  great  as  9 C,  occur  in  the  upper  30  feet,  and 
gradients  of  0.6  C.  per  foot  over  a few  feet  increase  in  depth.  In  the  head 
of  the  Strait  of  Juan  de  Fuca  S-T-D  measurements  show  a oLep  wise  tempex-ature 
decrease  accompanying  the  similar  increase  in  salinity  referred  to  nreviously. 


Winter  Conditions 


Ills  winter  temperature  distribution  based 
February  1953  CR  BROww  bfat?  cruise  no.  21  is  sh 
perature  throughout  the  water  mass  approched  is 


on  observations  made  during 
•oim  in  Fig,  IO-I8.  The  tem- 
othermal  conditions  with  a 
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variation  of  6.0°  to  9.2°  C.--a  range  of  3.2°  C.  The  July  range  was  from 
6.4°  to  19.6°  C.—a  spread  of  13,2°  C.  The  colder  water  was  at  the  surface 
and  the  temperature  gradients  were  greatest  in  the  upper  layers.  Below  50 
feet  the  variation  at  most  locations  was  less  than  1°  C.  The  lower  maximum 
temperature  at  depth  in  the  main  basin  of  Puget  Sound,  6.6  C.,  as  compared 

to  9*2°  C.  in  the  bottom  of  Hood  Canal,  is  again  Indicative  of  a more  rapid 
flushing  in  the  former.  The  temperature  distribution  is  in  agreement  with 
a prevailing  subsurface  inflow  and  surface  outflow. 


General  Seasonal  Conditions 


The  seasonal  changes  in  temperature  for  the  period  October  1952  (Feb- 
rnuary  1953  at  Pillar  Point)  to  February  195^  are  shown  for  selected  loca- 
tions by  the  following  figures:  Fig.  10-11,  Pillar  Point;  Fig.  10-12,  Point 

Jefferson;  Fig.  10-14,  Gordon  Point;  Fig.  IO-I5,  Teklu  Point,  and  Fig.  IO-I6, 
Camano  Head,  East.  The  corresponding  salinity  distributions  for  their  loca- 
tions and  time  intervals  have  been  discussed  previously. 

The  upper  water  at  Pillar  Point  (surface  to  a depth  of  50  feet)  has  a 
maximum  temperature  of  11.6°  C.  at  the  surface,  coinciding  with  the  salinity 
ffiliiimuM.  This  timing  and  temperature  agrees  with  eight  years  of  observations 
made  from  the  M.V.  CATALYST,  A secondary  surface  maximum  of  11.6°  C,  occur- 
red j.n  November.  The  normal  temperature  at  that  time  is  about  9.0°  ia 
general  the  surface  cools  rather  uniformly  from  the  maximum  in  August  •00 
thp  w5nt.er  mlniTmirn  in  Fehruarv  or  March.  The  Tr.ir'lmv.rri  ti^rr.r.erat.ure  at  depth^ 
6.3°  at  600  feet,  occurred  as  usual  in  August  coincident,  with  the  salinity 
maximum.  This  water  probably  represents  the  deepest  water  from  the  open 
sea  that  is  injected  into  the  Strait  during  the  year. 

In  August  the  suiTace  watei-  off  Feint  Jefferson  showed  a temperature 
peak  of  l4.5°  C.  In  September  the  oaijie  water  column  showed  a temperature 
ijwk  at  deptiis  greater  than  pO  ieet--Lue  maximum  at  8OO  feet  being  11.2°  C. 
The  minimum  occurred  in  March  and  averaged  about  8°  for  the  entire  water 
column- -the  extreme  range  falling  within  0.3°  C.  The  quick  response  or 
ten^Jerature  at  all  depths  in  following  that  at  the  bur.face  is  indicative  of 
the  rapid  flushing  rate  of  the  subsurface  waters.  A complete  renewal  of  the 
deeper  water  in  the  southern  part  of  the  main  basin  probably  occurs  within 
a month.  The  temperature  pattern  at  Gordon  Point  south  of  the  Tacoma  Narrows 
is  similar  to  that  at  Point  Jefferson,  and  here  again  a very  rapid  flushing 
rate  of  the  primary  basin  is  indicated.  As  in  the  case  of  salinity,  tempera- 
tures in  the  basins  less  well  comiected  to  the  sea  as  Hood  Canal  represented 
by  Teklu  Point,  and  Port  Susan  by  Camano  Head,  show  a slower  water  exchange. 

Ti  •!  ^ .m,  4 mm  ^mm  mm  mm  mm 

changes  in  values  at  depth  lag  considerably  behind  those  at  the  surface, 
particularly  during  the  sprlrig  and  summer. 


de:nsity  distribution 


The  density  disti’ibutions  for  sunimer  and  winter  conditions  in  the 
Puget  Sound  system  are  shown  in  Figs.  .10-19  10-20  respectively.  The 

density  is  expressed  as  sigma -t  (u^)  which  is  defined  by  the  equation 

0 ^ = (ps,t,o-l)  (1000) 

where  Ps  t o actual  density  of  the  vater  at  the  given  salinity  (s), 

temperature  (t),  and  atmospheric  or  zero  sea  pressure  (o).  The  distribution 
of  salinity  and  temperature  on  which  these  density  profiles  are  based  has 
been  portrayed  in  Figs.  10-9,  10-10,  10-17,  and  10-l8,  discussed  above.  The 
density  increases  with  increasing  salinity  and,  over  the  range  cf  conditions 
normally  encoxontered  in  Puget  Sound,  with  decreasing  temperature.  In  summer 
with  increasing  depth  the  ten^jerature  decreases  and  the  salinity  increases 
— both  factors  tending  to  increase  the  density  and  make  the  \ratcr  column  stable. 
In  winter,  during  periods  cf  cold  weather,  surface  cooling  tends  to  increase 
the  density  causing  convective  sinking  in  isohaline  water  and  tending  to  re- 
duce the  stability  cf  water  stratified  by  the  salinity  distribution.  The 
along-channel  slopes  of  the  equal  density  or  isopycnic  lines  J.n  narrow  pas- 
sages is  indicative  of  tho  tendency  of  the  deeper  water  to  moA'e  in — finding 
its  own  density  level.  This  motion  would  result  in  the  absence  of  other 
forces,  and  with  some  reservations  can  be  taken  as  a guide  to  the  probable 
circulation  in  Puget  Sound. 


Summer  Conditions 


The  svimmer  density  distribution  (Fig.  IO-I9)  shows  a well  stratified 
surface  layer,  particularly  in  Hood  Canal,  and  from  Possession  Sound  to  the 
heads  of  the  northern  arms,  closely  paralleling  the  salinity  structure.  La- 
terally, in  going  seaward  from  the  heads  of  the  various  arms,  the  densities 
increase  and  show  rather  abrupt  Jumps  in  crossing  the  principal  sills.  The 
slopes  of  the  density  lines  Indicate  a net  inflow  at  depth  and  outflow  at  the 
surface.  The  isollnes  were  not  selected  with  close  enough  increments  to  show 
detail  of  the  microstructure  at  depth.  This  micro structure  is  particularly 
importent  at  level  of  the  deeper  sills  leading  to  Daboo  Bay  and  Port  Susan. 
In  both  instances  all  varlabl(!s  examined  indicate  that  flushing  of  these  arms 
was  occurring  above  sill  level  and  not  below.  Although  the  density  stratifi- 
cation A/as  slight,  it  was  sufflc.1ent  to  prevent  vertical  mixing  from  the 
limited  motion  .-jill  .lepth.  Flushing  in  these  cases  must  depend  almost  en- 
tirely on  bodily  displacement  by  more  dense  rater,  intruding  after  it  has 
fiiJLed  the  main  basins  to  sill  level.  This  displacement  flushing  occurred  in 


September  in  Port  Susan  and  was  very  rapid  throughoiit  most  of  the  Sound  during 
that  period.  The  critical  density  had  not  been  reached  in  Dabob  Bay  by  mid- 
winner lyp^— lypa  although  pamxax  .i,xus,ixxig  u.xu.  occur  iu  xyOvermuer.  A partial 
flushing  of  Hood  Canal  by  less  dense  water  appears  to  have  occurred  through 
turbulent  mixrng  accompariying  the  inflowing  Jet  of  this  lighter  water  frem  the 
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entrance  sill-  The  bottom  topography  favors  this  type  of  flushing  in  Hood 
Canal  proper  but  not  in  pp.bob  Bay.  In  most  natural  situations  flushing  by 
less  dense  water  due  to  momontum  head  can  be  expected  to  be  very  slow  com- 
pared to  the  displacement  type.  Theoretically  the  incoming  water  will  inter- 
leaf with  the  basin  water  at  its  appropriate  density  level,  and  promote 
flushing  at  this  level  and  lesser  depths.  Flushing  can  thus  theoretic*^ lly 
occur  at  almost  any  depth.  In  the  Sound  system,  however,  the  inflow  appears 
to  occur  most  frequently  at  the  bottom. 


Winter  Conditions 


The  winter  density  structure  shown  in  Fig.  10-20  la  closely  similar  to 
tliat  in  summer,  but  the  density  values  are  higher  within  the  basins  and  the 
vertical  stability  less  as  a consequence  of  the  surface  cooling.  In  the 
Strait  of  Juan  de  Fuca  the  densities  are  less  th£in  lii  auumier  owing  oo  the 
lower  salinities.  As  a consequence  the  lateral  gradients  across  the  sills 
are  less  in  winter  than  in  summer. 


TICMPERATURE-SALINm  EEL/iTIOKSIIIFG 

Besides  the  temperature,  salinity,  and  density  of  themselves,  the  tem- 
perati.re-Ralinity  relationahipH  ere  useful  in  identifying  and  tracking  the 
water  within  the  Puget  Sound  system.  Fig^are  10-21  shows  the  temperature- 
salinity  curves  for  five  stations  at  which  the  annual  temperature  aiid  salinity 
cycles  have  been  shotfij  above.  A.  distinct  change  in  water  characteristics 
occurs  from  summer  to  winter  in  the  Strait,  Some  continuity  between  the 
surface  water  in  tlie  Strait  and  the  deeper  water  in  the  inner  basins  is  ap- 
parent. The  divergence  between  slimmer  and  winter  conditions  within  the  basins 
is  considerable.  The  seasonal  variation  in  the  position  of  the  T-S  lines, 
if  consistent,  may  afford  a time  base  useful  in  identifying  the  waters  and 
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DlSsOLViinj  OXiGEIi 

The  following  discussion  is  based  on  measurements  taken  simultaneously 
with  those  for  salinity  and  temperature  which  were  previously?  discussed.  The 
distribution  of  oxygen  is  affected  by  the  circulation  and  mixing  of  the  water 
within  the  Puget  Sound  Basin  as  well  as  by  exchange 'across  the  sea  surface 
and  biochemical  processes.  Oxygen  values  are  expressed  in  milligram-atoms 
per  liter.  To  find  milliliters  per  liter  multiply  the  results  by  11.2. 


Suiiuxier  Couditluu& 


The  summer  dissolved  oxygen  distribution  is  shown  in  Fig.  10-22,  The 
water  entering  the  Strait  of  Juan  de  Fuca  is  low  in  oxygen  (0,1-0. 2 milligram 
-atoms  per  liter)  supporting  other  evidence  that  at  this  season  coastal 
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Temperature -salinity  curves  for  summer  and  winter  for  five  stations. 
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oceanic  water  travel n upward  from  a greater  depth  in  entering  the  Strait  of 
Juan  de  Fuca,  This  water  is  the  same  as  that  discussed  in  the  salinity  dis- 
tribution. Most  of  the  low  oxygen  content  water  is  stopped,  or  intermixed 
with  that  of  higher  oxygen  content,  at  the  Victoria-ureen  Point  and  Admiralty 
Inlet  sills  before  reaching  i'Puget  Sound  proper. 

The  higher  values  in  Puget  Sound  proper  (0.3-0 *7  Diilligram-atcrns  per 
litei)  are  due  to  surface  exchange  and  to  photosynthesis  which  occurs  in 
the  upper  layers.  High  oxygen  concentrations  near  the  surface  are  evident 
in  the  less  mixed  portions  of  the  region.  The  highest  values  usually  occur 
in  late  spring  (April  and  May)  accompanying  heavy  blooms  of  p'uyt,oplankton . 

Locally  at  depths  greater  than  30  to  60  feet  below  the  surface  the 
processes  of  respiration  and  decay  use  up  oxygen  more  rapidly  than  it  is 
supplied  by  photsyathesis  and  aeration.  As  a result,  the  concentratiou  of 
dissolved  oxygen  in  a particular  water  mass  decreases  as  long  as  it  remains 
below  this  surface  layer.  The  change  in  oxygen  concentration  with  time  thus 
in  some  instances  affords  a tool  for  dating  the  water  mass.  An  increase  in 
oxygjn  at  depth  must  depend  on  advecticn  and/or  mixing. 

Several  prominent  regions  low  in  oxygen  occur  of  which  one  is  in 
southern  Hood  Canal.  The  low  concentration  here,  dropping  below  0.05  milli- 
gram-atoms per  liter  during  summer,  is  a-ctributed  to  the  oxidation  of  the  large 
amount  of  organic  material  formed  locally.  This  material  hac  settled  on  or 
near  the  bottom.  Circulation  and  mixing  are  limited  in  this  extremity  of 
the  basin.  Some  of  the  water  dees  mix  laterally  however  and  spread  along 
isopycult.  lines  in  a proruineut  tuugue  extending  seaward  from  Lynch  Cove  at 
a depth  of  about  100  feet.  This  tongue  becomes  more  pronounced  in  the  fall 
and  disappears  in  winter,  A secondary-  lobe  of  low  oxygen  water  extends  along 
the  bottom  to  a depth  exceeding  400  feet.  In  this  lobe  particulate  matter 
appears  to  be  settling  out  contrarj<-  to  the  prevailing  upward  water  movement. 


A second  prominent  low  oxygen  zone  is  found  in  Dabob  Bay,  The  water 
below  sill  depth  (450  feet)  is  restricted  from  actively  circulating  and  con- 
sequently the  dissolved  oxygen  content  decreases  with  time  due  to  biochemical 
reactions.  The  entrapped  water  showed  only  partial  flushing  in  mif  -winter 
of  1953“195^j  and  the  gra.dually  diminishing  oxygen  concenti'etion  and  constant 
mass  properties  Indtcatsd  tha.t  it  had  been  there  for  at  least  nine  months. 


Anothei-  oxygen  sink  similar  to  Dabob  Bay  is  evident  in  Port  Susan.  T] 
water  behind  this  sill  was  trapped  for  most  of  the  svunmer  of  1953  but  was 
replaced  during  the  active  circulation  that  occurred  during  the  fall.  The 
oxygen  w>lue5  do  not  become  as  low  as  In  Dabob  Bay  at  corresponding  times. 
Water  of  low  oxygen  content  has  intruded  into  Possession  Sound  from  Port 
Susan  by  flowing  along  iscpycnic  lines,  and  is  shown  as  an  isolated  pocket 
in  that  area. 


/T  *** 

wo 


Low  oxygen  concentrations  are  also  found  in  the  head  of  Saratoga  Passage 
near  Slcagit  Flats  and  in  the  head  of  Carr  Inlet  (not  shown).  These  are  in 
line  with  the  general  movement  of  the  deeper  water  towards  the  heads  of  the 
arms. 


VJ inter  Conditions 


The  w'inter  dissolved  oxygen  distribution  is  shown  in  Fig.  10-23,  and 
is  similar  to  the  summer  condition.  The  oxygen  content  however  has  in- 
creased at  depth  and  decreased  in  the  surface  layers.  The  pronounced  summer 
oxygen  sinks  have  disappeared  except  for  the  one  in  Dabob  Bay  and  at  the  head 
of  Lynch  Cove.  The  oxygen  concentration  is  higher  In  these  areas  indicative 
of  the  more  active  winter  time  circulation. 


SOLUBLE  PHOSPHATE  DISTRIBUTION 

The  simmer  condition  phosphate  values  are  shown  in  Fig.  10-24.  The 
summer  oxygen  and  phosphate  distribution  patterns  are  very  similar  but  the 
values  are  inversely  related.  As  oxygen  is  used  up,  phosphate  is  liberated, 
so  in  general  high  phosphate  concen'^rat-ions  are  associated  with  low  oxygen 
content.  It  is  therefore  possible  to  utilize  the  phosphate  concentration 
along  with  the  oxygen  content  to  determine  the  approximate  age  of  the  water 
masB,  For  an  additional  discussion  on  phosphate  see  pax-agraph  under  Chemistry 
of  Puget  Sound  Waters,  this  section. 
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CHEIvESTRY  OF  PUGET  SOUND  WATERS 


INTRODUCTION 
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The  Puget  So’Jind  region  offerji  an  excellent  opportunity  for  the  study 
of  the  physical  and.  chemical  characteristics  of  sea  water  uuder  x'emnrkably 
different  conditions.  There  are  many  estuaries  vrith  ratiicr  varied  topo- 
graphies in  the  Sound  proper,  while  among  the  San  Juan  Islanus  ax-e  luany 
lagoons  of  interesting  formation.  A numbsr  of  rivers  flow  into  the  Sound 
and  produce  local  areas  that  show  wide  seasonal  variation  and  offer  excel- 
lent opportunity  to  study  changes  produced  in  sea  water  as  the  result  of 
natural  dilution. 

An  upwelling  of  ocean  water  during  the  svmoner  montlis  apparently  occurs 
off  the  coast  of  the  state  of  V/ashlngton,  analogous  in  some  respects  to  the 
waters  off  the  California  coast,  within  the  Strait  of  Juan  de  Fuca  vertical 
turbulence  accompanying  the  strong  tidal  currents  actively  admixes  the  up- 
welled  water  to  the  surface.  It  is  this  upwelled  water,  rich  in  nutritive 
material,  thai  largely  ccmprises  the  deep  water  of  Puget  Sound  and  Eidjoining 
regions.  Evidence  of  this  upwelling  is  shown  particular] y In  the  phosphate 
content  of  the  water  but  may  likewise  be  shown  by  the  study  of  other  nutritive 
material  (Thompson,  McCorkell,  and  Bonnar  1930j  Igelsrud,  Robinson,  and 
Thompson  1936). 


!l 


V^aters  of  the  area  vary  considerably  an  to  di.lut  ion --however,  the  major 
constituents  of  sea  water  are  in  the  same  proportion  to  one  another, 

except  possibly,  in  very  highly  diluted  waters.  Knowing  the  ionic  ratio 
of  a given  major  constituent,  the  concentration  of  that  constituent  may  be 
obtained  by  multiplying  the  ohloriaity  or  the  chlcrosity  by  the  ionic  ratio. 
Thus,  for  example,  the  ionic  ratio  for  the  sulfa te/chlorlde  ion  is  O.I392. 

If  a sample  of  sea  water  has  a chlorlnity  of  l6.75  °/oo,  the  sulfate  concen- 
tration of  this  water  will  be  2.33^  grams  per  kilogram  of  sea  w'ater.  This 
same  vreiter  has  a chlorosity  of  17.10  grams  per  liter  and  the  sulfate  concen- 
tration per  liter  at  20^^  C.  would  be  2.58O  grams  per  liter. 


CONCENTRATION  OF  CHKMICAI,  CONSTITUENTS 

/ 

Values  for  the  concentrations  and  distribution  of  the  following  elements 
and  ions  have  been  determined  and  summarized  for  Puget  Sound. 


I 

1 

1 


1 

( 

! 

i 

I 

i 

) 

1 

I 

i. 

\ 


4 

m. 


Alkalinity 

Alminum 

Ammonia 

Dox'on 

Bromine 

CalciiJim 

Carbon  Dioxide 

Copper 

Fl\iorine 

Gold 

Hydrogen  Sulfide 

Iodine 

Iron 

Jcotopic  or  Heavy  Water 
Magnesiiun 


Manganese 

Nitrate 

Nitrite 

Nitrogen 

pK  or  Hydrogen  Ion 

Phosphate 

Potass  i\Mn 

Radium 

Silicate 

Sodium 

Strontium 

Sulfate 

Titanium 

Uranium 


Alkalinity 

The  expression  alkeilinity  or  slkalinity  .;f  vatr_M  is  used  to  desig- 
nate the  normality,  in  terms  of  miiiiequivalents,  of  the  marine  water  as  a 
base,  the  equivalent  point  being  that  at  which  the  bicarbonate  eiM  carbonr,-.': 
ions  have  been  converted  to  carbonic  acid.  Thus,  any  constituent  of  marine 
water,  silicates,  bora+es,  or  any  ion  capable  of  reacting  with  the  hydrogen 
ion  in  solution,  will  be  included  in  the  alkalinity  provided  orJ.y  that  it 
reacts  at  a pH  above  t'nat  encoimtered  in  the  conversion  of  the  bicarbonate 
to  carbonic  acid. 

Over  1,400  analyses  made  of  sanydes  collected  at  regular  stations  in 
Puget  Souaid  and  adjacent  waters  liave  been  enalyzpd  for  alkalinity  in  the  deta 
presented  here.  The  alkalinity-chlorinlty  ratio  in  miiiiequivalents  of  base 
to  chlorinity  has  been  accepted  as  0.125  for  Puget  Sound.  Averaged  values 
ranged  from  0.11?  to  0.135  for  Puget  Sound  and  appr>jaches.  Two  Pacific 
Ocean  stations  showed  an  average  al  knllnlty-chlorinity  ratio  of  0.121  (;‘uidcr  = 
son  19^3 ) • 

.Mkalinity  for  surface  samjdes  from  Hood  Canal  range  from  l.l60  to 
2.171  with  alkalinity-chlorinity  ratios  from  0.125  to  O.23O.  Data  from  the 
Nisqually  Flats  show  alkalinitles  from  I.860  to  2.213  with  eiJcalinity- chlor- 
inity ratios  from  0.124  to  0.171- 


Ammonia 


One  hundred  and  ninety- three  free  ammonia  analyses  were  made  between 
June  3^>  an^  July  T,  1932,  on  a trip  from  Friday  Harbor  to  the  southern  part 
of  Puget  Scvind.  Of  these,  188  showed  no  ammonia  (that  is,  less  than  1.43 
microgram-atoms  of  ammonia  nitrogen  per  liter),  four  showed  1.43  microgra  ii?!, 
and  one  9.3O  microgram-atiTms  of  ammonia  nitrogen  per  liter.  The  I88  Eamrples 
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showing  no  etnmonia  were  taken  at  the  siirface,  10,  25,  50,  100,  150,  and 
200  raeters.  Three  of  the  samples  containing  1.43  ralcrogram-atoras  per  liter 
were  from  one  station  off  Foulweather  Bluff  at  the  entraiice  to  Hood.  Canal, 
at  depths  of  25,  50,  and  100  meters.  0n3.y  one  surface  seerple  sho™'!  arononia. 
The  sample  containing  5*30  mlcroeram-atoms  was  a bottom  sample  from  East 
Sound  (Robinson  and  Wirth  1934b). 


I 
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Aluminum 

The  concentration  of  aluminum  in  sea  water  from  Friday  Harbor  and  vari- 
ous depths  in  the  waters  of  tha  northeast  Pacific  Ocean  has  been  determined. 
The  concentration  of  aluminum  veirles  with  depth,  there  bi.  ng  a slight  increase 
in  the  region  approaching  1,000  meters,  that  region  in  which  high  iron  and 
very  low  oxygen  values  were  also  found. 

For  aluminum  content  In  the  waters  cf  the  San  Juan  Isiands  montbly 
averages  showed  a slight  tendency  to  higher  values  in  the  early  spring 
months  and  extended  into  June.  The  values  for  the  San  Juan  area  were 
lower  than  those  for  the  deep  soa  samples  obtained. 

The  concentration  of  aluminum  in  sea  water  averages,  for  all  semplcs, 
seasonal  and  depth,  20  microgram-atoms  per  liter,  or  0.54  milligrams  per 
liter.  Tile  average  value  for  samples  in  the  Son  Juan  area  was  11. 0 mlcro- 
gram-atoms  per  liter,  reinging  from  a minimum  value  of  6.0  microgram-atoms 
per  liter  to  a maximum  value  of  24.0  microgram-atoms  per  liter  (Hae.adler  and 
Thompson  1939)* 


Boron 


Boron,  ee  soluble  borate,  was  determined  in  377  seunples  of  sea  water  from 
the  coastal  waters  of  the  northeast  Pacific  Ocean  including  the  San  Juan 
Island  area.  The  amounts  varied  between  o.i.pB  end  0.497  milligram*  atoms  per 
liter  of  see  water  but  were  alw’ays  proportional  to  the  chlorlnity  of  the 
waters.  The  ratio  boron  chlorinity  as  milllgram-atoras  of  boron  to  ciilorinity 
was  lo’ind  to  be  0.0223.  Concentrations  of  boron  appeeu:  to  vary  with  depth 
and  tidal  cycle. 

For  coastal  waters  within  Dixon  Entrance,  Alaska,  and  Hecate  .Strait, 
British  Columbia,  the  average  boron-chlorinity  ratio  was  0.C227. 

The  discrepancy  between  the  amounts  of  boron  reported  as  found  in  sea 
water  by  diffei'ent  analytical  methods  and  investigators  is  pointed  out  with 
the  suggested  explanation  that  coii5)lex  boron  compounds  may  account  for  the 
Irregularities,  as  well  as  for  the  small  deviations  observed  in  the  boron- 
chlorinity  ratios. 
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That  soluble  coniplex  boron  compounds  may  exist  in  sea  water  is  in- 
dicated by  the  fact  that  meLriae  animals  and  plants  contain  boron  which 
upon  xhe  death  and  decay  cf  such  organisms  is  retuTned  to  the  sea  water. 

Analyses  of  five  species  of  marine  algae  gave  4,2  to  l4.9  railligram- 
atcmi-  boron  per  kilogram  of  dried  material  or  15. 1 to  50*3  milligi’am-atoms 
boron  per  kilogram  of  ash. 

No  accumulation  of  boron,  beyond  that  observed  in  terrestrial,  plants 
growing  in  good  soils  low  in  boron,  was  observed  in  any  cf  the  species  of 
marine  plants  examined. 

Boron  was  found  in  amounts  of  20.8  and  S0»0  milligram-atoms  per  kilo- 
gram in  samples  of  Conus  and  Cyprea  and  1Y3  milligram-atoms  per  kilogram  in 
a sample  of  Hydrocorallina.  These  results  indicate  that  boron  might  occur 
quite  generally  in  calcareous  and  sedimentary  structui’es  of  oceanic  origin. 
It  is  suggested  that  the  boron  in  these  forms  may  be  combined  as  magnesium 
or  calcium  borates  (igelsrud,  Thompson,  and  Zwicker  1938). 

Bromine 

The  bromine  concent  of  sea  water  in  Puget  Sound  and  adjacent  waters  has 
been  determined.  For  two  stations  in  Puget  Sound,  Point  No  Point  and  off 
Port  TowtiSend,  the  bromine  content  varies  from  O.0570  ®/oo  to  O.O59O  °/oo 
( grams  of  bromine  per  kilogram  of  sea  water ) . The  increase  in  bromin  con- 
centration, in  this  instance,  reflects  an  Increase  In  depth  of  water.  Under 
similar  conditions  the  bromine  concentration  of  water  from  the  Strait  of 
•Juan  de  Fuca  exhibits  concentrations,  increasing  with  depth,  of  O.0606  °/oo 
to  0.0648  0/00. 

It  has  been  shown  that  the  bromine  concentration  of  sea  water  is  pro- 
portionately re.lated  to  the  clilorinity  of  the  waxer,  the  value  ®/oo  bromine 
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the  open  ocean  has  a smaller  concentration  of  bromine  (Thcapscn  and  Korpi 
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Calcium 

The  concentration  of  calci\mi  in  the  waters  of  Puget  Sound  has  been 
determined  from  several  locations.  Additional  values  were  obtained  from 
the  adjacent  San  Juan  Island  area.  The  values  for  Puget  Sound  range  from 
8.20  to  9.05  rnilligraun-atoms  per  liter.  Values  for  bhe  San  Juan  sr^a 
reached  9.39  milligram-atoms  per  liter  (Thompson  and  Wright  1930). 


The  ratio  of  calci'um  to  chloride.  In  °/oo  calcitim  to  chlorinity  is 
0 = C^15.  This  ratio  does  not  vary  more  than  0.0002  for  all  waters  studied. 


Carbon  Dioxide 


Diorlng  the  sumniers  of  1936  exKl  1937  Jf  S’.’xface  sea  water  were 

collected  from  3au  Juan  Choui',iel  in  the  San  Juan  Isianhs.  The  concentration 
of  total  carbon  dioxide  was  largely  a function  of  the  chlorinity  of  the 
water  and  varied  from  l.?6  to  2.04  milligram- atoms  of  cai’bon  per  liter. 

The  high  -values  for  to Lai  carbon  dioxide  were  acccraanlcd  by  low  concentra- 
tions of  dissolved  oxyg:-n,  higher  eliloi'inities  and  lower  tsn^jeratures,  char- 
acteristics of  the  uub-sui’face  water  of  the  Pacific  (Hamra  and  Thompson  1941 ). 


Copper 

The  concentration  of  copper  in  the  surface  waters  of  San  Juein  Clumnel, 
Wao.  Ington,  was  determined  periodically  over  a^period  of  seventeen  months. 
The  average  concentration  of  copper  in  all  samples  analyzed  was  0.023  mic- 
rogram-atoms  per  liter.  A definite  seasonal  trend  was  indicated  with  an 
autumn  minimum  of  0.0l6  microgram- atoms  per  liter  of  copper  and  a summer 
maximum  of  0.028  microf^am-atoms  per  liter.  The  copper  content  of  the  water 
•varied  inversely  with  the  -values  obtained  for  water  density,  phosphates, 
and  silicates. 

The  concentration  of  copper  in  the  waters  of  East  Soimd,  V7e,shington, 
detormined  during  the  aximmers  of  1952  and  1953 » The  range  of  copper 
concentration  tos  found  to  be  from  0.0l8  to  0.13  mlcrogram-atoms  per  liter 
with  an  average  value  of  0.035.  The  concentration  of  copper  decreased  with 
Increasing  depth  in  stratified  •'jete?’  w1tb  i-it-bie  or  no  turbulence.  Tn  cen- 
eral,  the  copper  concentration  of  the  s'urface  water  shoved  an  increase  to- 
vrard  the  head  of  East  Sound.  The  very  high  concentration  of  copper,  0.13 
raicrogram-atoms  per  liter,  observea  near  the  head  of  the  Sound  was  explained 
as  the  result  of  an  oxidizing  and  leaching  process  of  the  sediments  in  shal- 
low waters  or  areas  exposed  to  the  air  at  low  tides. 
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0.023  microgram-atoms  per  liter,  in  the  surface  -waters  except  for  higher 
rebults  qbtalned  in  the  Seattle -Tacoma  area  of  Puget  Soiuid  proper.  IL  wus 
postulated  that  this  high  concentration  or  copper  might  arise  from  the  in- 
dustrial pollution  and  contamination  of  the  surface  -water  by  the  cities 
(Chen/  and  Thonmeon  lQ54a,  1954b). 


Fluorine 


The  average  fluoride  content  of  the  waters  of  the  Pacific  Ocean  near 
the  state  of  Washirigton  eind  the  inland  sea  -waters  nearby  is  about  O.066 
milligram- atoms  of  fluorine  per  liter  of  sea  -water.  It  ranges  from  O.053  to 
0.074  milligrem -atoms  per  litex-  and  shows  no  seasonal  flucti'.ations.  hu.t  in- 
creases with  depth  until  approximately  uniform  conditions  of  salinity  are  sn- 
countered  ana  a ecn.stant  fJuorine  to  chlorinity  ratio  is  established. 


An  increase  in  fluoride  content  ever  that  of  the  open  ocean  has  been 
noted  for  "inside"  waters  such  as  straits,  soxmds,  bays,  and  inlets.  The 
increase  in  the  fluoride -chlorinity  ratio  (fluoride  in  milligram-atoms  per 
liter)  from  x 10~3  fc<r  the  open  ocean  to  3*8  x 10"3  for  Faget  bound 
water  is  Indicative  of  this  trend  (Taylor  1932;  Thompson  and  Taylor  1933 )• 

The  aluminum  and  fluoride  ion  content  of  sea  water  is  in  approximately 
the  same  proportion  as  aluminum  and  fluorine  in  the  mineral  cryolite 
(Na3AlFg). 


Gold 


'The  amount  of  gold  in  sea  water  is  not  nearly  as  great  as  reported  in 
most  texts  or  in  popular  literature.  It  is  conceivably  present  in  sea  water 
in  one  of  the  following  states:  axn*ic  or  aurous  ion,  colloidal  gold  parti- 

cles, gold  entrained  in  or  con^jrising  part  of  suspenflf'rt  rod;  particles,  or- 
ganic gold-containing  matter.  Niamerous  investigators  have  analyzed  sea 
water  for  its  gold  content,  and  much  ^fariance  is  noted  in  their  results. 

Caldwell  analyzed  sea  water  from  Puget  Sound  and  adjacent  waters  in- 
cluding samples  from  the  coast  of  Oregon  and  reported  values  ranging  from 
0.1  to  1.0  milli, •prams  of  gold  per  metric  ton  of  sea  water  (Caldwell  1935) • 


Hydrogen  Sxilflde 

There  are  no  known  areas  in  Pxiget  Sound  tnat  coiiuain  permanent  nyarogen 
sulfide  pockets.  Occasionally  pockets  will  develop  near  the  head  of  some 
Inlets  where  anaerobic  conditions  occ’ir. 

VJhile  not  in  Puget  Soimd  proper.  Lake  Union  and  other  portions  of  Lake 
Washington  Ship  Canal  will  develop  high  concentrations  of  hydrogen  sioifiae 
(Smith  Thos^json  1927=;  Seckel  1953). 


iodine 


Samples  of  sea  wst.er  from  the  San  Juan  and  Strait  of  Juan  de  Fuoa  re- 
gion have  been  analyzed  for  iodine.  In  general,  the  amount  of  iodine  has 
been  found  increase  as  the  Pacific  Ocean  is  approached  and  with  ths  depth 
at  which  the  sample  is  taken.  Waters  containing  large  a'ao’jnts  of  plankton, 
such  as  East  Souiid,  were  found  to  bo  .somewhat  lower  in  iodine  content.  In 
many  cases  samples  taken  near  the  bottom  were  found  to  be  slightly  lower  in 
iodine  content. 

For  surface  waters  iodine  concentrations  range  from  0.355  to  0,670 
microgram- atoms  per  liter  which  span  all  va.lues  obtained  except  that  for  the 
maximum  station  which  reached  a concentration  of  0.725  microgram-atomc  nor 
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liter..  The  average  for  all  stations  in  the  area  is  0.473  microgr'air.-atoms 
per  liter  (Evans  1932). 

Another  study  for  iodine  concentrations  was  made  which  duplicated  the 
area  covered  by  Evans  and  included  values  for  southern  Puget  Sound.  These 
values  are,  however,  extremely  high  and  variable.  Because  of  their  incon- 
sistency these  values  will  not  be  quoted  (Bonnar  1931 )• 


Iron 


The  iron  content  of  the  ^fater  increases  with  depth  and  its  concentra- 
tion is  materially  affected  in  passages  where  there  is  mtirked  turbulence 
of  the  waters . A two-year  investigation  and  examinatJ.on  of  siirf ace  samples 
collected  in  the  San  Juan  Island  area  has  shown  seasonal  variations  in  iron 
content  of  sea  water.  Unfiltered  sanqples  were  analyzed  for  total  iron  and 
filtered  samples  for  soluble  iron. 

Fluctuations  may  be  attributed  to  a number  of  causes,  such  as  the  rate 
of  discharge  of  large  rivers  affecting  the  region  over  a large  area,  the 
local  runoff  in  the  immediate  region  due  to  rains,  the  quantities  or  sus- 
pended material  carried  into  the  water  by  drainage,  the  nature  and  height  of 
waves  beating  upon  the  shores  of  the  region,  ths  strength  of  the  tidal  cur- 
rents which  wouJ.d  create  a t\urbulence  and  thus  carry  into  the  supernatemt 
waters  fine  materials  previously  deposited  on  the  bottom,  and  also  the  '/ari- 
ation  in  tidal  conditions  during  a given  month. 

The  data  show  a large  degree  of  parallelism  between  the  total  and 
soluble  iron  content.  Both  rise  to  a maximum  during  the  winter  months  and 
fall  to  a minimum  during  the  svaauer.  The  most  rapid  decrease  in  iron  con- 
tent occurs  diu-ing  the  latter  peirt  of  March  and  the  principal  increase  occurs 
during  September  and  October.  The  average  spring-summer  and  fall -winter 
values  are  as  fellows: 


Spring -Summer 
microgcam-atoms/kilo 


Fall -Winter 


microgram-atr-ms/kllo 


Total  Iron  0.53 

Soluble  Iron  0.26 

(Thompson  and  Eremner  1935). 


1.47 

0.75 


Isotopic  or  Heavy  Water 

It  has  been  foxmd  that  water  from  varioue  natural  sources  differs 
slightly  in  density  due  presumably  to  varying  content  of  0^',  and  O""" . 
Further  investigation  has  shown  that  there  is  a definite  difference  in  den- 
sity between  water  distilled  from  sea  water  and  water  distl31ed  .“rom  tap 
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water.  The  difference  in  de.isity  (greater  density  for  water  distilled  from 
sea  -fc-ater)  is  attributed  to  a larger  concentraticn  of  heavy  water  (water  con- 
taining the  hydrogen  isotope  of  mass  two,  or  the  oxygen  isotope  of  mass 
eighteen)  in  the  sea  water  than  in  tap  water. 

The  average  difference  in  density  between  water  distilled  fror,  sea 
water  and  that  distilled  from  tap  water  was  fomd  to  be  1.3/  x 10"^  for 
thirty-one  samples  of  ocean  water  Investigated.  However,  a region  in  the 
San  Juan  Archipelago,  adjacent  to  Puget  Sound,  noted  for  its  abundant  fauna 
and  flora,  yielded  waters  of  vei’y  low  density  differences  of  the  oi’dei*  of 
0.8  X 10“^.  This  value  is  low  even  when  account  is  taken  of  the  fresh  water 
dilution  which  has  reduced  the  chlorinity  to  sixteen  parts  per  thousand,  and 
is  proportionately  lower  than  any  other  values  found,  especially  from  the 
Pacific  Ocean  which  is  the  ultimate  source  of  the  sea  water  in  the  area 
(Wirth  193^;  Wlrth,  Thompson,  and  Utterback  1935  )• 


Mp.gnesltiiu 

The  concentration  of  magnesium  in  the  waters  of  Puget  Sound  has  been 
determined  from  several  locations.  Additional  values  were  obtained  from 
the  adjacent  San  Juan  Island  area.  The  values  for  Puget  Sound  range  from 
I.03U  to  1.14?  grams  per  liter,  being  proportional  to  the  chlorinity  of  the 
water.  Values  for  the  San  Juan  area  reached  I.I63  grams  per  liter.  The 
magnesium- chloride  ratio,  grariG  per  liter  magnesium  to  chlorinity,  war 
found  to  be  O.O669  (Thompson  and  Wright  1930). 


Manganese 

Tne  laanganese  content  of  sea  water  has  been  found  to  vary  from  0.02 
to  0.18  microgram-atoms  per  kilogram  of  water.  Analysis  of  water  from 
Puget  Sound  and  ciosely  adjacent:  areas  shows  a range  in  manganese  content 
of  0.05  to  0.15  microgram-atoras  per  kilogram  of  vmter- 

The  manganese  content  of  bottom  muds  iii  Hood  canal  has  been  found  ho 
va-ry  from  O-.O6  °/o  to  0.28  ®/o  (of  dry  sample)  or  10.9  to  SO. 5 milligram- 
atoms  per  kilogram  of  dry  mud. 

The  manganese  content  of  some  of  the  shells  of  organisms  native  to 
Puget  Sound  was  found  to  vary  from  0.003  to  O.OO7  °/o  (of  di’y  weight), 
equivalent  to  from  0.5  to  1.2  milligram-atoms  per  kilogram  of  dried  msteriad 
(Thosmssen  and  Wilson  1935  )• 


Nitrate 


Nitrate,  though  present  in  very  ‘small  amounts,  plays  an  iiimor+au'*'  role 
In  the  sea.  Several  series  of  sea  wate''  samples  were  collected  frem  the 
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Pacific  Ocean  and  frorn  East.  S./uiid  and  San  Juan  Channel  in  the  San  Juan  Is- 
lands for  analysis  by  a new  method  (Chcw’  and  Robinson  19'p3)*  Nitrate  con- 
centration as  nitrate -nitrogen  for  East  Sound  ranged  from  0.0  to  Q.'p  micro - 
gram-atoms  per  liter,  values  increasing  with  depth.  For  San  Juan  Channel, 
values  ranged  from  9*6  to  13.4  microgram-atoms  per  liter  and  for  the  Pacific 
Ocean  san^ileE  values  ranged  from  6.'y  to  47.2  microgituu-atoms  per  liter, 
values  increasing  with  depth. 

In  F^at  Sovirid.  essentially  a long,  nai’row  inlet  without  a threshold, 
there  is  a relatively  slow  exchange  of  water  with  the  adjoining  bodies:  also, 
East  Sound  waters  are  stratified  during  the  sunuaer  months.  At  the  time  of 
sampling,  its  water  supported  an  abundant  diatom  population  which  rapidly 
depleted  the  water  of  niti'ate 

The  waters  of  San  Juan  Channel  are  rather  uniform  in  distribution  be- 
cause of  vertical  mixing]  the  water  itself  shows  the  effect  of  dilution  by 
the  Fraser  Elver  water  during  the  months  of  early  summer. 

The  ocean  station  offered  deep  samples  that  were  rich  in  nitrate  and 
surface  samples  with  reduced  nitrate  concentrations  (Chow  and  Robinson  1953) » 

In  general  nitrate  distribution  has  been  found  to  be  the  same  as  that 
of  the  phosphate.  The  bottom  layers  showed  a range  for  the  inside  waters  of 
l4,6  to  29.3  microgrsm-atoms  nitrate  nitrogen  per  liter  while  in  the  photo- 
synthetic  zone  regional  variations  were  observed.  In  those  waters  affected 
by  rivers  and  w’hcrc  phctcsjT.thctic  activity  wee  most  marked;  the  nitratps 
would  be  entirely  depleted,  while,  on  the  other  hand,  mixing  of  the  waters 
would  result  in  a vertical  homogeneity  (Thompson  and  Robinson  193^) • 


Nitrite 


Nitrite  nitrogen  was  found  to  be  very  low  or  absent  in  the  deeper 
layers  of  water  off  Cape  Flattery,  while  the  surface  layers  and  most  other 
waxerb  In  the  region  were  found  to  be  particularly  rich.  la  the  Strait  of 
Juan  de  Fuca,  in  general,  nitrites  increasp  with  depth  to  a maxiiaum  value 
of  about  0.5*^  to  0.5?  microgram-atoms  of  nitrite  nitrogen  per  liter  at  2> 
meters  and  then  decrease  to  practically  zero  as  the  bottom  is  approached. 

In  the  Gulf  of  Georgia  and  the  waters  adjacent  to  the  3an  Juan  Islands  the 
amount  of  nitrite  was  lower  and  increased  wjth  depth  to  a maximiam  of  0.2Q 
miorogram-atoms  per  liter  at  the  bottom.  The  increase  in  nitrite  with  depth 
in  this  case  is  due  to  the  dilution  of  the  surface  layers  of  water  to  a 
greater  extent  than  the  deeper  layers  by  the  waters  of  the  Fraser  River. 

Most  of  the  waters  investigated  contained  some  nitrite,  indicating  that  the 
process  of  nitrification  was  taking  place  (Evans  1932) = 

For  Puget  Sound  proper,  as  determined  from  an  extended  cruise  in  1933 > 
the  nitrites  follow  the  same  general  curve  as  the  phosphates,  except  in  the 
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Hood  Canal  area  where  zero  values  were  obtained  throughout.  In  all  of  the 
localities  whe^e  there  was  a very  marked  plankton  growth  the  nitrites  were 
absent  (Thompson  and  Fhlfer  1936) . 

Nitrites  are  seldom  found  at  any  depth  in  Hood  Cana],  but  in  other  re- 
gions of  Puget  Sound  values  for  nitrite  nitrogen  renglng  from  0.29  to  0.43 
microgram -atoms  per  liter  were  frequently  observed.  As  a rule  the  nitrites 
increased  ■with  depth  to  25  to  50  meters  when  maximum  concentrations  ■were 
obtained.  At  stations  off  the  Washington  and  vtiiictr-iwor  Island  coasts,  no 
nitrites  were  detected  except  at  25  and  50  meters  I Thompson  and  Eoblnson 
1934) . 


Nitrogen 

Analyses  for  both  albuminoid  and  organic  nitrogen  were  made  in  the 
Fuget  Sovmd  area.  Of  the  samples  on  which  both  analyses  were  made  the  aver- 
age value  for  albuminoid  nitrogen  was  7.15  mlcrogram-atoms  per  liter  and 
15.0  microgram-atoms  per  liter  for  organic  nitrogen,  Tlie  average  ratio  of 
albiunincld  nitrogen  to  organic  nitrogen  is  0,47. 


The  average  organic  nitrogen  content  decreases  with  depth.  Only  slight 
variation  in  the  amount  of  organic  nitrogen  was  found  between  different 
localities.  The  average  amount  of  organic  nitrogen  was  12.1  microgram-atoms 
per  liter.  In  East  Sound  the  average  was  13.6  microgram-atoms  per  lit»=r  over 
a two-year  period  with  little  variation  between  three  different  stations, 

Hood  Carnal,  which  in  many  respects  is  similar  to  East  Sound,  had  an  average 
of  10,0  microgram-atoms  per  liter,  while  the  Strait  of  Juan  de  Fuca  which  is 
in  direct  coramiinlcatioii  with  the  Pacific,  had  an  average  of  10.7  microgram- 
atoms  of  organic  nitrogen  per  liter.  The  average  for  Eld  and  Totten  Inlets 
was  the  highest  found  for  ajiy  region,  with  17.9  microgram-atoms  per  liter. 


An  attempt  wds  made  to  determine  the  distribution  of  total  c omb i ne a 
nitrogen,  that  is,  the  sum  of  nitrate  and  organic  nitrogen,  as  the  free 
ammonia  and  nitri^te  are  too  scarce  in  comparison  to  influence  the  result. 
On  Eiccount  of  the  unreliability  of  the  absolute  values  of  uiti-ate  oiiJy  ap- 
proximate conclusions  can  be  drawn. 


The  largest  average  amount  of  total  nitrogen  was  31.4  microgram-atoms 
per  liter  for  the  Strait  of  Juan  de  Fuce,  Since  the  organic  nitrogen  for 
this  locality  m&s  average,  the  larger  •value  for  total  nitrogen  depended  upon 
the  larger  amount  of  nitrate.  The  results  of  the  other  localities  were 
smaller  and  quite  regular:  20,7  microgram-atoms  for  Hood  Canal,  22.1  micrc- 

gDi^-atoms  for  Eld  and  Totten  Inlets,  and  24.3  micrograi'a-atoins  of  total 
nitrogen  per  liter  for  East  Sound. 


Although  for  a given  body  of  water  it  might  be  supposed  that  the  total 
nitrogen  content  would  be  more  or  lose  constarit,  cousicsrable  fluctuation 
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vaG  apparent  for  the  average  amourt  among  various  stations,  varying  from 
12.9  uiicrogram-atoms  in  Hood  Caml  to  42.1  micrograra-atoms  per  liter  in  tne 
Str«lt.  of  Juan  de  Fuca  (Kobj.nson  and  Wirth  1934b). 


pH  or  Hydrogen  Ion 

During  the  summers  of  I918  and  1919  pH  observe,tions  in  the  San  Juan 
Islands  showed  a range  of  7»77  to  8.17  for  surface  waters.  At  this  same 
time  determinations  made  for  water  at  different  depths  in  the  San  Juan  area 
indicated  no  uniformity  with  the  variation  of  the  hydrogen  ion  ccncentraticn 
and  depth. 

The  pH  values  found  for  Argyle  Le.goon,  near  Friday  Harbor,  showed  a 
range  of  7.89  to  8.62.  It  vreis  also  found  that  the  pH  in  sea  water  vegeta- 
tion in  the  San  Juan  Islands  ranged  from  7-72  to  9»3  (Powers  I920). 

It  has  been  noted  that  the  pH  found  in  oyster  bede  in  southern  Puget 
Sound  range  from  7*70  to  7 >95  the  mouth  of  a stream  and  in  lagoons  is 
above  8,8  (Thompson  and  Bonner  1931). 

Based  upon  a cruise  made  in  1933  the  lowest  pH  '.alues  were  obtained  in 
the  v.'cters  of  the  San  Juan  Archipelago  with  the  exception  of  one  sample  which 
was  taken  near  the  mouth  of  the  Skagit  River  and  had  an  exceedingly  lor 
chlorinity.  The  highest  values  \jere  observed  in  Skagit  Bay,  Saratoga  Passage, 
and  at  the  head  of  Hood  Canal.  The  pH  values  obtained,  uncorrected  for  salt 
error,  varied  from  7*90  to  8.80,  using  cresol  red  as  the  indicator  (Thompson 
and  Phifer  1936) . 


Phosphate 


The  waters  of  the  Puget  Sound  region  are  very  rich  in  phesphatoa,  the 
result  of  upwelled  nrpan  water.  The  high  phosphate  concentration  cannot  re 
attributed  t-_>  liver  disenarge  (Thon5)Son,  McCorkell,  and  Bonnar  1930). 


Sea  water  samples  collected  in  Dabob  Bay,  Puget  Sound  were  ?nalyT.ea 
for  phosphates.  The  inorganic  phosphate  concentration  increased  with  depth, 
as  is  usually  the  case  with  stratified  waters.  The  organic  phosphorus  val.u-3s 
showed  no  definite  correlation  with  depth,  Tlie  inorganic  phosphorui^  ranged 
from  0.66  to  3.07  mi crogram-atoms  per  liter  and  the  organic  phosphorus  ranged 
from  0.32  to  0.59  microgram-atoms  per  liter  (Hansen  and  Robinson  1953). 


Based  upon  an  extensive  cruise  made  in  1933;  phosphate  values  were  ob- 
tained that  ranged  from  0 to  1.28  microgram-atoms  of  phosphorus  per  liter. 

It  was  found  that  on  catering  Shagit  Bay  from  Deception  Pass  an  I’nusually  high 
value  for  phosphate  was  obtained  near  the  mud  flats  and  in  the  same  locality 
where  abnormc.lly  low  chlorinity  values  were  found.  The  phospiiate  ratio  for 
this  station  was  considerably  greater  than  that  obtained  for  ordinaiy  sea 
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water^  and  therefore  indicates  that  the  sources  of  phosphate  must  have  been 
other  than  sea  vater.  This  has  been  explained  by  the  fact  that  though  the 
fresh  ■vraters  of  the  Skagit  River  show  only  a mere  trace  of  phosphates,  the/ 
discharge  into  the  sea  over  extended  mud  flats  and  leach  the  phosphate  from 
uecaying  organic  matter  periodically  exposed  to  the  air.  In  other  portions 
of  Skagit  Bay,  Saratoga  Passage,  and  Possession  Sound,  as  well  as  in  Kood 
Canal,  the  surface  water  was  devoid  of  inorganic  phosphorus.  Marked  fluc- 
tuations In  the  concentration  of  the  element  were  found  in  the  waters  of  the 
other  regions  (Thompson  and  Phifer  195o). 

Cnow  and  Thompson  (Cho'.r  and  T.^ompson  195^)  in  an  examination  of  water 
collected  in  the  mud  ilats  of  East  Sound  fo’und  an  inorganic  phosphorus  con- 
centration as  high  as  8,0  microgram-atoms  per  liter. 


South  of  the  Tacoma  Narrows  in  Puget  Sound,  turbulence  results  in  an 
even  vertical  distribution  of  the  phosphates  averaging  during  the  summer 
months  concentrations  of  0.97  microgram-atoms  of  phosphorus  per  litei  akainst 
that  of  1.6l  microgran-atoms  during  the  winter  months  (Thompson  and  Robinson 
193 • For  an  additional  paragraph  on  phosphate  see  paragraph  and  seasonal 
profile  under  water  I»Sass  Characteristics,  this  section,. 


Potassium 


The  concentration  of  potassium  in  sea  water  lias  recently  been  detar- 
mi  ned  -pot  numerous  locatlonR  thnoughout  the  world  an  wel  1 rr  i n Puciet  Sound , 
yalues  ranged^ from  O.3278  °/oo  (East  Sound,  Washington)  to  O.405O  °joc 
(aarguoso  3ea).  Values  are  found  to  increase  with  depth. 

Off  the  coast  of  Washington  values  range  from  O.3731  “/oo  (lOO  meters) 
to  0,3871  /oo  (1,^0  meters).  At  Hein  Rank,  Strait  of  Juan  de  Fuc.-x  values 
range  from  0.3»v37  %o  (surface)  to  O.3563  Voo  (135  meters).  Off  Point 
Jefferson,  FUfeet  Sound  values  range  from  0,3279  -/oo  to  0.331x2  “/oo  between 
surface  and  200  meters  respectively  (Jentoft  1952).  The  ratio  of  potas&lun.- 
chlorl.nity  has  been  found  to  be  0,02023  (Jentoit  1952). 


Radium 


The  radium  content  of  sea  water  has  been  measured  from  various  locations 
in  the  world  including  the  waters  of  the  San  Juan  Archipelago.  Values  for 
the  latter  area  range  from  3*5  x 10”^5  to  6,9  x 10 grams  of  radium  per 
cubic  centijiieter  of  water.  An  average  value  of  5 x 10 "15  grams  of  radium 
per  cubic  centimeter  of  \/a,ter  has  been  given. 

It  has  been  observed  tiiap  radioactivity  of  Pacific  Ocean  water  lias  a 
minimum  value.  Also  that  radioactivity  Increaces  with  decrease  in  temperature 
of  the  water  and  with  depth.  The  v/aters  of  the  North  Atlantic  and  of  Hudson 
Ray  show  much  higher  values  than  Pacific  water.  va].ues  for  off  the  California 
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coast  average  h x 10~  ^j^Gulf  of  Alaska  7 ^ lO”  North  Atlantic  43  x 1C” 
and  Hudson  Bay  4-5  x IQ"-*-^  grams  of  radium  pel*  cubic  centimeter  (Devaputra, 
Thompson,  and  Utterback  1932). 

Measurements  using  more  refined  arialytical  methods  have  shovm  results 
several  orders  of  "lagnitude  lov'er  than  those  obtained  by  previous  vorkers. 

A value  of  6 x 10”"^'  grams  of  radium  per  cubic  centimeter  water  has  been  es- 
tablished for  water  in  the  San  J’ian  area  (Evans,  Kip,  and  Moberg  1938). 

Also  see  Geology  Section,  paragraph  on  Natui'al  Radioactivity  of  Bottom. 
Sediments. 


Silicate 


It  has  been  shown  -^hat  hydrogx'aphical  interpretation  is  possible  from 
dissolved  silicon  data  for  a given  region.  Dissolved  silicate  varies  with 
t^del  currents  and  with  plankton  e.btindancc.  Because  of  these  variations  it 
is  not  possible  to  calculate  the  silicon  content  of  water  from  a ratio,  such 
as  chlorinity. 

It  may  be  further  noted  that  silicate  content  increases  witVi  depth  in 
most  series  of  observations  and  t'nat  ocean  waters  have  much  lower  silicate 
content  than  water  of  sounds,  straits,  and  bays.  The  silicate  content  for 
waters  of  the  San  Juan  area  is  extremely  high.  Values  obt-cinsd  for  surface 
waters  are  only  duplicated  in  mgnitnde  at  i'fonterey  and  La  Jolla  st  depths 
of  50  to  100  meters. 

Actual  values  for  silicate  content  In  the  waters  of  the  Ban  Juan  Islands 
and  the  Strait  of  Juan  de  Fuca  range  from  2.^6  to  3,56  microgram -atoms  per 
liter  for  the  surface  and  reach  73.0  microgram-atoms  per  liter  at  300  meters. 
The  average  silicate  content  for  these  waters  is  3.5&  microgram-atoms  per 

n J 4,er~~. 

t 

In  the  inland  waters  of  the  Juan  de  Fuca  Strait  and  the  Puget  Sound 
area,  the  silicates  ranged  from  about  36*5  microgram-atoms  of  sil.Lcwu  per 
liter  at  tha  surface  to  51.1  .microgram-atoms  per  liter  ixi  the  bottom  waters. 
An  exceptional  growth  of  diatoms  occasionally  reduces  the  sil-lcate  content 
to  11.0  to  l4.6  microgra>i!-atomo  of  silicon  per  liter  in  the  uppec  layers  and 
frequently  the  bottom  waters  iii  some  localities  would  show  as  high  as  73.0 
microgram-atoms  per  liter  of  s.llicon  (Thompson  and  Robinson  193^). 

From  an  extended  c.i’uise  made  in  1933  very  much  the  same  tircnd  was  ob- 
ser'/ed  for  silicates  as  for  phosphates.  Near  the  mouth  of  the  Skagit  River 
the  effect  of  dissolved  silicates  in  fresh  water  was  very  noticeable.  Rela- 
tively high  silicate  values  were  also  obtained  at  the  head  of  Hood  Canal. 

In  sailing  the  length  of  the  Canal  on  a flood  tide  the  silicate  values  were 
found  exceed! ugly  low  iu  spite  of  the  discharge  of  the  large  number  o”  rivers 
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into  th3  Canal:  while  returning  on  an  ebb  tide,.  Just  a few  hours  later, 
silicate  va].ues  were  found  very  much  higher.  Observed  values  of  silicates 
ranged  from  13.3  to  7t-.0  micrcgraa-atoms  of  silicon  per  liter  cf  water 
(Thompson  and  Phifer  1936). 

The  ei’‘fe''t  cf  river  dilution  has  been  studied  by  theoretical  calcula- 
tions and  actual  observations.  Much  less  silicon  was  found  in  the  \fater  than 
theor£?tically  calculated.  The  silicon  content  of  river  water  is  nearly  ^00 
percent  higher  than  that  of  average  sea  ’./ater  while  sea  water  adjacent  to 
river  mouths  is  20  percent  lower  in  dissolved  silicon  than  average  sea  water 
and  nearly  700  percent  lower  than  river  water-  causing  dilution  (Houlton  1Q31). 
It  may  also  be  noted  that  the  weighed  average  silicon  content  for  river  water 
in  the  northwest  is  274  microgram-atoms  per  liter. 


Sodium 

The  concentration  of  ocean  -water  varies  considerably  from  place  to  place 
but  it  hub  been  s'  ovr.  that  relative  concentration  of  the  ions  to  each  other 
is  renxarkably  constant.  Sodium  io  by  far  the  outstanding  major  cation  and 
it  would  be  supposed  that  its  relative  concentration,  expressed  as  the  sodium- 
chlorinity  ratio,  would  be  quite  accurately  known.  However,  specific  areas 
will  show  variation  from  t'nis  constant  as  will  be  shown  below. 

The  results  of  analyses  of  45  samples  from  three  Pacific  Ocean  stations 
have  shown  sodium  content  to  range  from  9*73  to  10.6?  grams  per  kilogram  of 
•water.  The  mean  buuium-chiorinity  r^tio  was  calculated  to  be  0.5549.  The 
results  of  analyses  from  53  saraples  from  seven  stations  located  in  the  Strait 
of  Juan  de  Fuca  and  Puget  Sound  show  sodium  content  to  range  from  8.98  to 
10,42  grams  per  kilogram  of  water,  with  t'ne  exception  of  one  sample  (Brown 
Point,  surface,  for  which  thii  Na  °/oo  was  7*2^0  • The  mean  sodi-rm-chlorinity 
ratio  for  these  samples  was  found  to  be  O.5562.  The  mean  -value  for  the  98 
samples  analyzed  is  0.5556  (Robinson  and  Knapman  19'il)  . 


Values  for  the  concentration  of  strontium  in  the  waters  of  the  San  Juan 
Archipelago  have  been  determined  from  ccMoosite  water  samples.  For  surface 
waters,  77.1  microgram-atoms  per  liter,  and  for  a depth  of  175  meters  the 
strontium  concentration  was  found  to  'oe  60.4  microgram-atoms  per  liter. 

For  comparative  purposes,  values  found  in  aualyses  of  Beaufort  Sea  water 
range  froru  63,6  mlcrograaa-atoms  per  liter  for  surface  water  and  93*1  micro- 
gram-atoms per  liter  for  waters  below  2,000  feet.  Average  strontium  concen- 
ti-ation  for  all  waters  is  considered  to  be  S>1«3  microgram-atoms  per  liter 
(Burtner  lQ5i). 
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„ conducted  in  I953  and  195^  shotm  strontium  concentration 

as  fo — CVS  (based  on  conve^'R'.on  of  ch.loriuity  to  I9  °/oo): 


Pacific  Ocean  (offshore) 
Beaufort  Sea 
Atlantic  Ocean 

Friday  Harbor,  Wash,  (surface) 
( GThorf^Json,  Burtner,  and  Chow  195I1). 


93  microgram-atoms  per  liter 
9**-  microgram-atoms  per  liter 
9^  microgram-atoms  per  liter 
95  microgram-atoms  per  liter 


(Burtner  I951)  will  be  found  to  be  comparable  to 
above  when  converted  to  a uniform  chlorinity  of  I9  °/oo. 

Sulfate 

suxfate -chloride  ratio  in  the  waters  of  the  North  Pacific  and  Puget 
constant  (grams  per  liter  sulfate  to  chlorinity  equals 

decidedly  affected  hy  land 
o-  «-uo_i.uxaax  and  suspended  matter, 

sulfates,  in  grams  of  sulfate  per  liter  of  sea  warmer-  for 

D6-?1  JIlAn  Tftlo^/^e  eV^rvT.v  TWO  tv>%  r:  r-jr  % . «» 

water  in  the  North  Pacifirranged"^^o;i:i;i5  ^ ^ 

n enters  the  northern  portion  of  Puget  Sound  snowed 

'^^-^tent  Of  1YV71  min' 

g^s  per  liter  and  a chlorinity  content  of  1,95  milligi’ams  per  liter 
(^ompson,  Lang,_  and  Anderson  1027).  The  sulfate  ratio  varies  w^.ere  there 
onaeiuuxc  activity.  See  paragraph  on  Hydrogen  Sulfide. 

Titanium 

s^face  san^jles  from  Puget  Sound  and  one  from  the  Pacific.  O'-ea- 
were  analy:red  for  titanium.  Most  samples  showed  only  trace  auantit'^s  tlinuaVi 
one  sa^le  van  found  to  have  0.02  Bicroeran..-ato»s  of  tUaM™  S UU.'  of 

tSrrirnc.  sSiPil^r  ° Jefferson  in  Puget  Sound  star  that 

signix leant  increase  in  titanium  content  with  depth. 

for  dSwms’anro  rf*  % (»f  Ji-J  temple) 

lbl“L“95o)f°  I'^eallv  (Oriel 
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UratiiTom 

Sea  •vra.ter  samples  from  fuget  Sound  and  the  Pacific  Ocean  have  been 
analyzed  for  uranium  content.  Values  for  Puget  Sound  surface  water  range 
from  0.94  X 10 "9  to  I.5  x 10“^  grams  of  uranj.um  per  grata  of  water.  For  the 
lac-lPjc  Ocean,  off  Destruction  Island,  values  for  surface  water  range  from 
0.47  X 10“9  to  0.51  X 10 “9  grams  of  uranium  per  gram  of  water.  It  was  found 
that  uranium  content  increases  with  depth  of  water.  For  the  1,000  meter 
depth,  off  Destruction  Island,  values  range  from  O.67  x 10“9  to  0.86  x 10“^ 
grams  of  uranium  per  gram  of  water. 

The  high  uranium  content  of  Puget  Sound  waters  compared  to  those  of  +he 
ocean  could  possibly  be  due  to  a con5>aratively  large  uranium  content  of  the 
river  waters  flowing  into  the  Sound  (Hoekstra  1942).  The  accuracy  of  the 
method  used  may  be  questioned  in  the  light  of  markedly  improved  methods 
developed  in  recent  years. 
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OCEANOGRAPHIC  RESEARCH  AT  THE  UNIVERSITY  OF  WASHINGTON 


PRESENT  STUDIES 


A four  point  program  of  oceanographic  research  is  currently  being  uuSer- 
taken  In  the  Department  of  Oceanography  of  the  University  of  Washington ; In 
general,  the  program  may  be  outlined  as  follows: 


(l)  To  make  a detailed  oceanographic  survey  of  Puget  Bound  and  the 

Strait  of  Juan  de  Fuca.  This  survey  includes  studies  of: 

(a)  Water  characteristics  (physical  and  chemical  properties  of 
the  waters) . 

(b)  Ci±  ^ .-.lation  within  the  Strait  and  Sound  proper  aud  exchange 
of  water  with  contiguous  water  masses  including  the  open 
ocean. 

(c)  Biological  consequences  Integrated  with  physical  oceano- 
graphy - 

(d)  Characteristics  of  bottom  sediments. 


Factors  as  tidal  effects,  meteorological  conditions  and  effects, 
effects  of  fresh  water  influx,  and  interchange  with  offshore 
waters  are  being  considered. 


(2)  To  make  a general  investigation  of  the  oceanographic  implications 

of  radioactive  sutstsncesr  This  ntudv  includes: 

(a)  Detei-minatiori  of  distribution  and  concentration  of  naturally 
occurring  radioactive  constituents  of  sea  wa^■er  and  bottom 
sediments, 

(b)  Investigating  the  possibility  of  using  selected  radioactive 
substeoices  as  a means  of  identifying  and  tracking  water 
masses, 

(c)  Investigating  the  use  of  selectea  radioactive  substaucc-e 
(isotopes)  as  chemical,  biochemical,  biological,  and  micro- 
biological tracerR  in  oceanographic  problems. 


Laboratory  and  field  studies  of  the  physical  and  chemical  properties 
of  sea  water  and  sea  salts  in  various  phases,  including  sea  ice, 
sea-salt  nuclei  in  the  atmosphere  over  the  ocean,  etc. 


(Iv)  Participation  in  oceanographic  aspects  of  Naval  and  other  exploring 
expeditions. 


COLLECTION  OF  OCEANOGRAPHIC  D.ATA 


Oceanographic  data  has  been  collected  in  Ruget  Sound  and  approaches 
since  1932,  The  data  falls  into  two  groups,  that  collected  from  1932  to 
19^2  aboard  the  motor  vessel  CATALYST,  and  that  collected  from  3.9li-8  vhos.rd 


tile  Eotor  vessels  ONCORHYNChUS  and  BROWN  BiiAR.  No  data  were  obtained  in 
the  interval  1943  to  1947. 


The  CATALYST  was  a 75-foot  research  vessel  tiiat  belonged  to  the  former 
Oceanographic  Laboratories  of  the  University  of  Washington.  In  addition 
to  the  collection  of  temperature  and  salinity  data,  samples  were  analyzed 
for  dissolved  oxygen,  phosphate,  silicates,  nitrites,  hjAdrogen  ion  concen- 
tration, and  alkalinity.  V7ater  was  also  collected  on  various  occasions  for 
the  study  of  a number  of  other  constituents  of  sea  water.  At  many  of  the 
staxions  occupied,  vertica.i.  net  hauls  were  made  for  the  collection  of  plank- 
ton. 


Data  have  been  collected  at  Irregular  intervals  from  J94S  to  1953 
aboard  the  ONCORHYNCHUS,  a 50-fcct  fishing  t\>pe  vessel.  From  1952  oceano- 
graphic stations  have  been  repeatedly  visited  at  approximately  one  month 
intervals  by  the  BROWN  BEAR,  a 110-foot  research  vessel  operated  by  the 
Department  of  Oceanography  of  the  University  of  Washington.  Temperature, 
salinity,  and  oxygen  samples  have  been  collected.  Phosphates  have  been 
collected  from  July  1953. 


Former  Method  of  Station  Representation 

Each  station  was  given  a number  which  designated  its  location  according 
to  an  arbitrary  system  of  geographic  nomenclature.  The  area  was  designated 
by  a digit  in  the  thousands  place,  the  region  by  a.  difciL  in  vLc  Luadieas  p3ace, 
the  division  by  a digit  in  the  tens  place,  and  the  loea')ity  by  a digit  in  the 
units  place,  A decimal  digit  i.idicated  a particular  station  in  the  given 
locality. 


Table  lG-9  enumerates  the  positions  and  names  of  these  stations  iu 
Puget  Sound  and  approaches.  The  number  of  times  each  station  was  occupied 
for  temperature  and  salinity  measurements  are  indicated.  Additional  stations, 
not  lietcu,  Wcx'c  occupied  for  special  projects. 


Present  Method  of  Station  Representation 


The  present  system  of  station  nximbers  is  based  upon  the  latitude  and 
longitude  of  that  station.  The  first  four  digits  represent  the  la+itude 
fo3.1owed  by  a solidus  (/)  and  four  more  digits  which  represent  the  longitude. 
For  example,  a station  at  47^44. 4 'N  latitude  and  122°25.4’W  longitude  will 
have  a station  number  of  7444/2254.  Many  former  statinn  locations  have  been 
reoccupled,  others  have  been  altered  sligntly,  and  a few  have  been  added. 
Table  .10-10  enumerates  the  positions  and  names  of  present  stations  in  Puget 
Sound.  Former  station  numbers  are  listed  where  applicable. 
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TABLE  10-0.  Pormer  Oceanographic  Stations  Visited  in  Puget  Sound  and 
Approaches.  Stations  Occupied  From  1932  to  19^2. 


STATION 

NUMBER 


2311.1 

2312.1 

2314.1 

2314.2 

2315.1 


2315.2 

2316.1 

2316.2 
2316.5 

2317.2 

2317.4 

2318.1 

2411.1 

2411.3 

2413.5 

2413.6 

2414.1 

2414.2 

2414.3 

2415.1 

2415.? 

n)i  T c r: 

• y 

2416.1 

2416.3 

2416.4 


NAME  (Nearest  Landmark) 

LATITUDE 

N. 

T.ONGITirDE 

W. 

TB5E.3 

OCCUPIED 

Seal  Rock 

48°25.:v 

I24O26.7' 

7 

Pillar  Point 

48018.2' 

124003. 1' 

97 

Angeles  Point 

48°12.7' 

123053.4' 

3 

Race  Rocks 

48°17 ' 

I23O37' 

1 

New  Dungeness 

48°12.1' 

123°i5.5' 

1 

New  Dungeness 

48°13.‘)’ 

123°13 ' 

1 

Strait  of  Juan  de  Fuca 

43°24.6' 

123O06 • 

1 

Hein  Bank 

46^21.6' 

123007.4' 

2 

Eagle  Point 

48°26.6' 

323°04.1' 

1 

Strait  of  Juan  de  Fuca 

48°15 ' 

122°59.1’ 

2 

Smith  Island 

48°l8.6' 

122°55' 

2 

D»Vj.duon  Rociv 

48033.7' 

12204T.1' 

P 

Point  Wilson 

46°08.8' 

122043.9' 

1 

Port  To\msend 

48°08 ' 

122041.1' 

120 

Point  No  Point 

47054' 

I22O28.7' 

125 

Ruiuonds 

47°50.9’ 

122°25.6' 

2 

Apple  Cove  Point 

47“'4g ' 

I22027 ' 

2 

Point  Jefferson 

47044.5* 

122025.4' 

63 

Port  Madison  Bay 

47°43.1' 

122O30.9' 

1 

V7est  Point 

47*^39.8' 

122°27.8' 

16 

Alki  Point 

47^34.2' 

I22O26.9' 

16 

N.  Ent.,  Colvcs  Passage 

FiTTOon 

^ I ^ • - 

1 rjoOon  n 1 

t^y  0 

3 

Fully  Point 

47026.4' 

I22O23.S' 

13 

S.  Ent.,  Colvos  Passage 

47O21 ' 

122032.4' 

1 

Head  Carr  Inlet 

4 (022  ^ 6 ' 

IpyOyg.Qi 

2 

24i6.5 

Head  Carr  inlet 

47022,7' 

122° 37. 8' 

1 

2417.1 

Brown  Point 

47010,^' 

122O27.8’ 

].4 

2417.2 

Fosdick  Point 

4-ri5' 

122035.1' 

14 

2417.3 

Uarr  Inlet,  Green  Point 

47°17' 

122°42.9' 

7 

2417. ‘t- 

McNeil  Island 

4t°11 ’ 

122°  3,8. 1' 

11 

2417.5 

Ni squally  Flats 

47O07.2' 

122°42.5' 

14 

2417.6 

Devils  Head 

47°09.8' 

122°46.2' 

10 

ol.  1 Q ’t 

Dickenson  Point 

47010.5' 

I22O51.I' 

2418.3 

Pickering  Passage 

47011.9' 

122055.5* 

16 

24l8.4 

Pickering  Passage 

47016.2' 

122°55.4' 

8 

TABLE  lO-Q.  Foitaer  Oceanographic  Stationa  Visited  ir  Fuget  Sound  and 

Approaches.  Stations  Occupied  From  1932  to  19^2  ( conlir’usd) , 


STATION 

NUMBER 

NAME  (Nearest  Landmark) 

LATITUDE 

N. 

LONGTITUDE 

w . 

TIMES 

OCCUPIED 

2416.5 

Dougaii  Roint 

4T°i8.4' 

I22O5I' 

9 

2418.6 

Herron  Island 

47°i6' 

122*^51. 2' 

7 

2419.1 

Henderson  Inlet 

47°10' 

I22O5O’ 

1 

2419.2 

Budd  Inlet 

47°o6.9' 

I22O54.8' 

6 

2419.3 

Eld  Inlet 

47°07.6' 

122° 57' 

2 

21:19.4 

Totten  Inlet 

47°09.6' 

1220 59. 3' 

2 

2420.1 

Tala  Point 

47°56.2' 

122038.1 ' 

113 

2420.2 

Hazel  Point 

47°4i.9' 

122°45.7' 

4 

2420.3 

Dabob  Bay 

47°44.6' 

122°50.2’ 

2 

2421,1 

Hood  Point 

47°37,7' 

122°55.6’ 

h 

2421.2 

Tekiu  Point 

47°35.5' 

I22O58.5’ 

1 

2421.3 

I<!usqueti  Point 

47023. 1’ 

123007.8' 

4 

2421,4 

Union 

47021.4 

12^0nA  k' 

] 

2421.5 

Lynch  Cove 

47O24' 

122055,6' 

2 

2421.6 

Lilliwaup  River 

47027.3. 

123005.8' 

1 

2421,7 

Hajirma  Hamma  River 

4?°22  7’ 

1 p-^om  ' 

X 

Possession  Pcint 

47° 54. 2' 

122°21.5’ 

3 

2431.2 

Camano  Head 

48002.8’ 

122°22.2' 

r- 

2431,4 

Port  Susan  Bay 

48006.3’ 

122°22' 

i 

2432.1 

Camano  Village 

48^11’ 

1 i,  ^ 

9 

2432.2 

Watsak  Point  Buoy 

48°i4,i' 

122°34.9' 

1 

J t ^ .i.  _ 

l.OOirr, 
•rw  X 1 

• n f 

XCC  ^ 

c. 

2432.5 

Polnell  Point; 

48016.2’ 

1?2°32' 

1 

2433.1 

Goat  Island 

48°21.7- 

122033.2' 

1 

2433.2 

Hope  Island 

48^22.9’ 

12?'^34.4' 

3 

2433.3 

L 

Gibraltar 

48°25’ 

122°35.9' 

1 
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TAJBLii  iO-iO. 


Present  Oceanographic  Stations  Repeatedly  Visited  in  Puget 
Sound  and  Approaches.  Stations  Occupied  at  Approxitrately 
One  Month  Intervals  Since  1952,  Irregulary  From  19^i-6  t j 1952. 


s'm'iON 

i'iUi'iBhP 

2LAME  (Keareot  Landmark) 

LATITUDE 

N. 

LONGITUDE 

W, 

FOTM^R 

STATION 

KUl-IBER 

8i32/403£ 

8178/3523 
i 8157/3412 
1 8145/3323 
O120/3235 

Pillar  Point 
Otter  Point 
Beechy  Head 
Race  Rocks 
Ediz  Hook 

48°18.2' 

48°17.8' 

48°15.7’ 

48*^14.5' 

48°12.0' 

124'^03,2' 
123^^52.3' 
123°41.2‘ 
12  3°  32. 3' 
1?3°23.5' 

2 3 -i  2 . X 

8i,;0/3li9 

8156/3038 

812>i/2529 

8106/2466 

8082/2412 

New  D^angeness,  LM  of 
Ncv  Dungcness,  NE  of 
Protection  Island 
Middle  Point 
Port  Townsend 

46~'15.o' 

43°15,6' 

48°12.4' 

48°io.6’ 

48°o8.2' 

123'^13.9’ 

323“03,8' 

122°52.9’ 

122°46.6' 

122<=41.2' 

24x1.3 

8056/2387 

8017/2375 

7573/231+5 

751+0/2286 

7490/2750 

Marrowstone  Point 
Bush  Point 
Double  Bluff 
Point  No  Point 
Apjdecove  Point 

48005.6' 
48°01.7' 
l+7°57.3’ 
47^5!+. O' 
4/°49.0' 

122*^33.7' 

122°37.5’ 

122°3‘+.5' 

122'^28.6' 

122^’75.0’ 

2413.5 

1 

7444/2254 

7398/2280 

7342/2265 

7303/2251 

7265/2235 

Point  Jefferson 
V(’est  Point 
Alki  Point 
Dolphin  Point 
Fully  Point 

47044.41 

47°39.8' 

47034.-. 

47O3Q3, 

47^26. 5' 

122°25.4' 

122°20.0' 

122°26,5' 

122°?5.1' 

122^23.5' 

2434.2 

2415.1 

2415.2  1 

24i6.1  i 

1 

7230/2212 

7192/2280 

7190/2336 

7167^2322 

7149/2344 

Point  Robinson 
Brown  Point 
Xsincc 

Point  Evans 
Day  Island 

47°23.0’ 

47*^19.2' 
^ . 

47°i6.7' 
1.  >70-  *.  ; 
■+ I j-a . > 

^ 0 ! 

^ ooOoU  /^  t 

m ^ . 

12-032.2' 

122‘^34.4' 

i 

1 

2417 . 1 1 

i 

1 

1 

i 

7].to/238o 

7072/2424 

7100/2473 

7170/2428 

7306/2291 

Gordon  Point 
Nisqually  Reach 
Devils  Head 

Green  Point  (Carr  Inlet) 
Point  Vashon 

47°11.0’ 

47°07.2' 

47'^10.0' 

47°17.0' 

47°30.6’ 

122° ^8. O' 
122°42 . 4 • 

122°47.3' 

122°42.8' 

122°29.1’ 

2417.4 

XT-X  . y j 

2417.6 

2417.3 

2415.5 
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TABLE  10-10.  Present  Oceanographic  Stations  Repeatedly  Visited  in  Puget 
Sound  and  Apprcachec.  Stations  Occupied  at  A.pproxiiiiately 
One  Month  Ijitervals  Since  1952,  Irregularly  From  19^8  1952 

( continued) . 


STATIOI^ 
1 N’JMREH 

1 

NAME(NeRrest  Ijandmark) 

LATITUDE 

N. 

LONGITUDE 

W. 

FOPJiER 

STATION 

NUI-SER 

7247/2317 

Olalla 

4?‘^'24.7' 

122=31-7’ 

7211/2324 

Spring  Beach 

47^21.1* 

122=32.4' 

2416.3 

7561/2380 

Tala  Point 

47“56.1' 

122=38.0' 

2420,1  i 

7500/2400 

South  FojLnt 

47O50.O' 

I22040.O' 

1 

7149/2457 

Hazel  Point 

47°41.9' 

I22045.7' 

2420.2  ; 

7500/2487 

Dabob  Bay,  Head 

47^50. O' 

122=48.7' 

i 

1 

7468/21.85 

Bolton  Peninsula,  East 

47046.8' 

122=48.5' 

i 

'7)1)1  n/o)inA 

1 rw/  i-  r^w 

Tabook  Point 

47^44.6' 

122=49.8' 

2420 . 3 ! 

7413/2518 

Tskutsko  Point 

47°4i.8' 

.122051.8' 

1 

7401/2524 

Pleasant  Harbor 

47°4o,i' 

122=52.4' 

1 

1 

7357/2580 

Tekiu  Point 

47°35.7’ 

122=58.0' 

2421 , 2 ! 

7236/5040 

Eagle  Creek 

47^28.6' 

123=04.0' 

7261/3064 

Red  B].uff,  North  of 

47'^26.1' 

123°o6.4' 

7233/3079 

Musqueti  Point 

47°23.3' 

123007,9' 

2421,3 

7215/3033 

Taliuya  River 

4y“21.5‘ 

123=03.6' 

7225/2597 

Lynch  Cove,  Middle 

47022. 5' 

122=59.7' 

1 

7239/2559 

Lynch  Cove 

47'^23.9’ 

122=55.9’ 

2421.5 

7537/2212 

Perisession  Point 

47°53.7' 

122=21.2' 

2430.1 

7s8‘-./2i70 

?cr*t-  G^z*cL6Gsr 

47°58. 5 ' 

122=17.0’ 

8029/2225 

Camano  Head,  West 

48'^02.9' 

1220p2,5' 

2431,? 

1 8065/2295 

East  Point 

48°o6.5' 

122=29.5’ 

6110/2530 

i.  ^ r*  t 

XX  • V 

2432T1 

8140/2331 

Demock  Point 

43°i4.0' 

122=33.1' 

8185/2295 

Strawberry  Pviint,  North  of 

U801Q.5' 

1 o.*%0/-krv  f 1 
XdC.  C.y,j 

82X4/2334 

Goat  Island 

48°21.4’ 

t "*  • 

2433.1 

8249/2359 

Dewey 

q: 

122=35.9’ 

2433.5 

8265/2443 

J^awson  Reef,  North  of 

KQOofT  iri 

122=44,3’ 

8c.’pd/2197 

Camano  Head,  East  of 

48  04.0' 

122=19.7' 

8062/2220 

Port  Susan,  Middle 

48'^06.2' 

122=22.0' 

2431,4 

8093/2243 

Port  Susan,  Head 

4o"oy.3' 

122=24.3’ 

8015/2318 

Holmes  Harbor,  Head 

48°0.l . 5 ' 

122=S].,8' 

6031/2318 

Classic 

48=03.1’ 

122=31.8' 

8043/2322 

Dines  Point 

48=04.8' 

122=32.2' 

8062/2330 

1 

Greenbank 

48=06.2' 

122°3d.0' 

f 
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DESCRIPTION 


The  eq\iilitrium  tide --the  standard  reference  for  tides — would  occur  if 
the  water  was  always  in  equilibrium  with  the  Lide-producing  forces.  While 
natural  tides  usually  have  iuuch  greater  ranges  than  equilibrium  tides,  they 
exhibit  approximately  the  same  characteristic  variations  with  the  changing 
pcsitionr,  of  cun  and  moon.  Deviations  from  the  standard  reference  are  caused 
by  Harge  scale  topographic  features  which  influence  the  resporif:  of  the  ocean 
to  the  tide -producing  forces. 

The  harmonic  constants — the  amplitude  and  epochs  of  the  harmonic  con- 
stituents of  the  tide — for  each  locality  give  a complete  description  O'?  its 
tide,  but  are  not  convenient,  as  such,  for  use  in  comparing  those  of  differ- 
ent localities  since  it  is  no  easy  matter  to  grasp  the  overall  effect  of  the 
many  possible  different  combinations  of  phases  and  amplitudes.  In  order  to 
facilitate  such  a comparison  use  is  made  of  certain  characteristics  of  the 
tide  enumerated  in  the  follo’wing  paragraphs, 

Type  of  tide.  Where  the  ratio  (Kj_+0,  )/(Mo+s^,)  is  less  than  0.25, 
the  type  is  semidiurnal;  where  it  is  greater  than  1,3^ > the  type  is  diurnal; 
where  it  lies  between  these  two  values  the  type  is  mixed  with  the  inequality 
principally  in  the  high  waters,  low  waters,  or  approximately  the  same  in 
both,  as  the  value  of  lies  nearer  0°,  l80°,  or  cither  90^  or  P.70°, 

respectively  (Manner  1951 j Harris  18q4). 


2.  Mean  and  diurnal  ranges  of  tide. 


m 

I 


3.  Ratio  of  spring  to  neap  range.  Where  the  ratio  32/Mp  is  greater 
than  O.hSf  the  ratio  of  spring  to  neap  range  is  greater  then  than  for  the 
equilibrium  tide;  and  where  it  is  less  than  0.46,  the  spring  tides  are  rela- 
tively undeveloped.  The  approximate  -rn+in  of  spring  to  neap  tide  is  l+Sg/Mp  , 
which  is  2.7  for  the  equilibrium  tide. 

Ratio  of  perigean  to  apogean  range.  Where  the  ratio  N^/M^  is  greater 
tl-ian  0.19,  the  ratio  of  perigean  to  apogean  range  is  greater  than  %at  for 
the  eiiUllibriu;r.  tide;  and  -..-here  it  is  less  than  0.19,  the  perigean  tides  are 
relatively  undeveloped.  T>ie  approximate  ratio  of  perigean  to  apogean  tide  is 
I+No/Mo  which  is  1.5  for  the  equilibrium  tide, 

5,  Ratio  of  tropic  to  mean  diurnal  inequality.  Where  the  ratio  C./k 
is  greater  than  O.Tlf  the  ratio  of  tropic  to  mean  diurnal  inequality  is~ 
greater  than  that  for  the  equilibrium  tide;  and  where  It  is  less  than  0.72, 


the  tropic  tides  are  relatively  undeveloped.  The  ratio  of  tropic  to  mean 
diurnal  inequality  is  approximately  0.9(1+^)  which  gives  1.5  fo-c  the  eauili- 
brium  tide  (Harris  109^*-) . 

G 

6.  L’-initidal  intei*val,  ^2  . The  lunitidal  interval  is  the  mean 

2^ 

time  lag  of  the  tide  at  a station  behind  its  equilibrium  tide  in  hours, 

ei  o o 

7.  Phase  age,  ‘'’2  . The  phase  age  is  the  time  lag  of  spring  tides 

s^-m^ 

behind  new  and  full  moon,  or  of  neap  tides  behind  the  moon's  quadrature  in 
hours . 

V ^ ^ 

8.  Parallax  e.e<i,  '*‘2  *2  , The  parallax  age  is  the  time  lag  of  the 

greatest  increase  or  decrease  in  tide  range  due  to  parallax  behind  moon  in 
perigee  or  moon  in  apogee  in  hours,  respectively. 

9.  Diurnal  oge.  ^ . The  diuranl  age  is  the  time  lag  of  the 

kq-Oi 

greatest  or  least  dlurna]  inequality  in  the  tides  behind  the  tropic  or  equa- 
torial moon  in  hours,  respectively. 
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NOMEH^CLATURE 


t 


Tides 


Symbol  Definltiori 

G Greenwich  epoch;  G=K,  for  a long  period 

constituent;  G=K  + west  longJ.tude  oi 
station  for  a diurnal  constituent;  G=K 
+ 2 X west  longitude  of  station,  fur  a 
semidiurnal  constituent 


H Amplitude  of  a tidal  constituent 

GfMo),  G-Ng),  etc Greenwich  epoch  of  the  constituent, 

Ng  constituent,  etc. 

Mg,  Ng,  etc • . . Amplitude  of  the  Mg  constituent,  Ng  con- 

stituent, etc. 

Mg°,  Kg°,  etc Epoch  of  the  Mg  constituent,  Ng  consti- 

tuent, etc, 

K Epoch,  the  lag  of  the  phase  of  a tidal 

constituent  behind  the  phase  of  the  cor- 
r^nspondliig  equilibrium  constituent 


additiC/iiCLx  o<iid  fuxther  descriptions  of  symbols  refer  to  Tide 
and  Current  Glossary  (Schureuian  194l), 


4 

i 

\ 
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1951*  Cax'bonate -Water  Isotopic  Tempei'ature  Scale.  Bulletin  of  the 
Geological  Society  of  America,  vol.  62,  no.  4,  pp.^4l7-42o. 

(A  relationship  between  temperature  and  relative  0*-'^  abundance 
in  calcium  carbonate  in  marine  shells  has  been  determined. 

Values  for  San  Juan  Island  area  Included.) 

Evans,  Lacey  H. 

193^.  The  Dietributicn  of  Nitrite  and  Nltriite  Nitrogen  and  Iodine 

in  the  Strait  of  Juan  de  Fuca  and  Adjoining  Waters  and  Improve- 
ments in  the  Method  for  the  Determination  of  Iodine.  Thesis, 
University  of  Washington,  Seattle,  Weshlngton,  86  pages. 

(includes  data  for  the  Strait  of  Juan  de  Fuca  and  San  Juan 
Archipelago . ) 

Evans,  Robley  D.,  Arthur  F.  Kip,  and  E.  G,  Moberg 

193^»  The  Radium  and  Radon  Content  of  Pacific  Ocean  Water,  Life  and 
Sediments.  Aiiierican  Journal  of  Science,  5th  series,  vol.  36, 
no.  214,  pp.  241-259- 

(Includes  values  from  ihaget  Sound  ai'e® .) 

Gx'an,  H.  H.  £vnd  Thomas  G.  Thompson 

1930.  Tlie  Diatoms  and  the  Physical  and  Chemical  Conditions  of  the  Sea 
Water  of  th»  San  Juan  Archipelago.  Publications  Puget  Sound 
Biological  Station,  vol.  7,  pp.  169-904, 


Great  Northern  Railway  Company 

1952.  Personal  communication  on  the  effect  of  waves  and  tides  upon 
sea  wall  protected  roadways  along  Puget  Sound.  Letter  from 
w.  E,  Brough,  Terminal  Division  Engineer,  to  Peter  McT.ellan, 
dated  November  10,  1952. 

Griel,  John  V,  and  Rex  J.  Robinson 

1952.  Titanium  in  Sea  Vfater.  The  Sears  Foundation:  Journal  of  f<iarine 

Research,  vol,  11,  no.  2,  pp.  173-179* 

(Data  for  Puget  Sound  area.  Analysis  of  local  muds  and  diatoms 
were  also  made.) 

Kaendler,  Helmut  M.  and  Thomas  G.  Thompson 

1939*  The  Determination  and  Occurrence  of  Aluminum  in  Sea  Water.  Sears 
Foundation;  Jourml  of  Marine  Research,  vol.  2,  no.  1,  pp,  12-3.6, 
(Water  saiuples  collected  in  the  San  Juan  area.) 

Hamm,  Randall  E. 

1937*  The  Determination  of  Dissolved  Nitrogen  In  Sea  Water  and  Its 

Relation  to  Carbon  Dioxide  and  Oxygen,  Thesis,  Ualversity  cf 
Washington,  Seattle,  Washingrtcn,  37  pages, 

(Data  from  the  Strait  of  Juan  de  Fuca  and  Friday  Harbor.) 

Hamm,  Randall  E.  and  Ihomas  G.  Thompson 

19>fl,  Dissolved  Nitrogen  in  the  Sea  Water  of  the  Northeast  Pacific 

with  Notes  on  the  Total  Carbon  Dioxide  and  the  Dissolved  Oxygen. 
The  Searr.  Pc’ondatioa:  Jo’ornal  of  Marine  Research,  vol.  no„  1, 

pp.  11-27. 

(Data  for  San  Juan  area  Included.) 

Hansen,  Andrew  L. 

1950.  Detemlnation  of  Organic  Phosphorus  in  Sea  Water.  Thesis, 
University  of  Washington,  Seattle,  Washington,  26  pages. 

(Sea  water  samples  from  Debob  Bay,  Puget  Sound.) 

Hansen,  Andi'ew  L.  and  Bex  J,  Robinson 

3.952.  The  Determination  and  Distribution  of  Organic  PnoBuhoxus  in  Sea 
Water,  Part  I,  the  Determination  of  Organic  Phosphorus  in  Sea 
Water  with  Perchloric  Acid  Oxidation.  University  of  W'ashiiigton, 
Oceanographic  Laboratories,  Technical  Report  no,  10,  21  pages 
(dittoed) , 

(Data  for  Puget  Sound.) 

1953*  The  Determination  of  Organic  Phosphorus  in  Sea  W’ater  with 

Perchloric  Add  Oxidatlcn.  The  Sears  Foundation:  Journal  of 

.Marine  Research,  vol.  3.2,  no.  1,  pp.  31-^2. 

(Data  for  I^bob  Bay,  Puget  Sound.) 


Harris.  Rolllu  A. 

1895*  Manual  of  Tides.  Pai't  III,  Some  connections  between  harmonic 
and  nonharraonic  quantities,  including  applications  to  the  le- 
auction  and  prediction  of  tides.  Report  of  the  Superintendent 
of  the  U.S.  Coast  and  Geodetic  Survey  showing  the  progress  of 
the  work  during  the  fiscal  year  ending  with  June,  1894,  Part  II, 
appendix  no.  7,  pp.  125-262. 

(Of  use  in  tide  analys.Ls  only,  no  direct  information  on  Puget 
Sound. ) 

Herlinveaux,  H. 

1953-  How  to  Predict  Tidal  Currents  In  Juan  de  Fuca  Strait  Fisheries 
Research  Board  of  Canada,  Progress  Reports  of  the  Pacific  Coast, 
Stations,  no.  95,  pp.  48-51. 

(Based  on  actual  observations  over  a 3-®onth  period  utilizing 
three  stations  in  cross  section  of  the  Straits.) 

Hitchings,  George  K. 

1928,  A Study  of  the  Component:  Carbon  Dioxide  of  Sea  Water,  Thesis, 

University  of  Washington,  Seattle,  Washington,  39  pages. 

(Presents  data  based  on  a time  study  over  various  channels 
among  the  San  Juan  Islands.) 

Hockstra,  Henry  R. 

1942,  Uranium  in  Sea  v/ater.  Thesis,  University  of  Washington,  Seattle, 
Washington,  29  pages, 

(Discussion  on  method  of  analysis  and  separation  of  uranium  from 
sea  water.  Values  for  content  in  Puget  Sound  and  the  Pacific 
Ocean  are  given . ) 

Hollister,  H.  J. 

1949.  Daily  Sea  Water  Observations  in  Georgia  Strait.  Fisheries 
Research  Board  of  Canada,  Progress  Reports  of  the  Pacific 
Coast  Stations,  no.  18,  pp.  T5-79* 

(Includes  the  Strait  of  Juan  de  FTica  and  San  Juan  Island  area.) 
Houlton,  Harold  G. 

193l»  The  Presence  of  Dissolved  Silicon  in  Sea  Water.  Thesis,  Univer- 
sity of  Washington,  Seattle,  Washington,  58  pages. 

(Data  from  the  San  Juan  Islands  and  Strait  of  Juan  de  Fuca.) 

Hutchinson,  A.  H. 

1928.  A Eio-Hi'drcgraphlcal  Investigation  of  the  Sea  Adjacent  to  the 

Fraser  River  .Mouth,  Transactions  of  the  Royal  Society  of  Canada, 
3d  series,  voi,  section  5,  pp.  293-311. 
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Hutchiilson,  A,  H. 

1929*  The  Economic  Effect  of  the  Fraser  River  on  the  Waters  of  the 
Strait  of  Georgia.  Eiologica].  Board  of  Canada,  Progress 
Reports  of  Pacific  Biological  Station,  no.  pp.  3-6. 

(Some  factors  and  effects  in  existence  in  Puget  Sound.) 


Hutchinson,  A,  H.  and  C.  C.  Lucac 


1931.  The  Epithale.ssa  of  the  Strait  of  Georgia.  Canadian  Journai  of 
Research,  vol.  5#  PP*  231-284. 

(Correlation  of  salinity,  temperature,  pH,  and  phytoplankton.) 


Hutchinson,  A.  H.,  C.  C.  Lucas,  and  M.  McPhail 

1929.  Seasonal  Variations  in  the  Chemical  and  Physical  Properties  of 
the  Waters  of  the  Strait  of  Georgia  in  Relation  to  Phytcpianktcn , 
Transactions  of  the  Royal  Society  of  Canada,  3d  series,  vol.  23, 
section  5/  PP->  l77-l83>  plvis  2 plates. 

1930.  An  Oceanographic  Survey  of  the  Strait  of  Georgia.  Vfestern 
Society  of  Naturalists,  Contributions  to  bfeirine  Biology,  Stanford 
University  Pi-ess,  pp.  8?-90, 

Igelsr\id,  Iver 

1935*  The  Carbonate  System  in  Sea  Water  and  Equilibria  at  9°C.  in 

Saturated  Solutions  of  Some  Sea  Water  Salts.  Thesis,  University 
of  Washington,  S Washington,  79  pages. 

(Data  obtained  on  waters  of  Puget  Sound  and  adjacent  areas.) 


Igelsrud,  Iver,  Rex  J.  Robinson,  end  Thomas  G.  Thompson 

1936.  The  Distribution  of  Phosphates  in  the  Sea  Water  of  the  North- 
east Pacific.  University  of  Wa.shlngton  Publications  in  Oceano- 
graphy, vol,  3,  no.  1,  pp.  1-34. 

(Includes  the  San  Juans  and  Straits  area.) 


IgelbrUii,  Iver,  Thuraas  G.  Thompson,  and  BenJ.  M.  G.  ^.wicker 

1938.  The  Boron  Content  of  Sea  Water  and  of  Marine  Organisms.  American 
Journal  of  Science,  5th  series,  vol.  39;  205,  pp.  ^7-63= 

(San  Juan  area  included  — .^ust  north  of  Puget  Sound.) 


International  Hydrographic  Bureau 

1933*  Tides — List  of  Harmonic  Couslants,  Special  Publication  no.  26, 
Monaco . 

(Seattle,  Yokeko  Point,  and  Port  Townsend  stations  are  listed 
for  Puget  Sound.) 


Jamieson,  Ida  M. 

1930.  The  Determination  of  Aluminum  and  iron  in  Sea  Water.  Thesis, 
University  of  Washington,  Seattle,  Washington,  10  pages. 
(Analyses  from  Friday  Harbor  which  are  considered  in  error  due 
to  methods  of  storage.  Also  typographical  errors  in  paper.) 


Jentoft,  Ralph  E.,  Jr. 

1952.  A Study  or  the  Determination  of  Potassium  as  the  Metaperiodate. 

Thesis,  University  of  VJashiirigton,  Seattle,  Washington,  II3  pages. 
(Contains  results  of  analysis  of  sea  water  from  Puget  Sound, 
Strait  of  Juan  de  Fuca,  and  various  locelltles  in  the  Atlantic 
and  Pacific  Oceans.  An  intensive  study.) 


Johnson,  Martin  W.  and  Thomas  G.  Thompson 

1929.  Txie  Sea  Mater  at  the  Puget  Sound  Biological  Station  from  September 
1927  to  September  I928.  Publications  Puget  Sound  Biological 
Station,  vol.  7>  pp.  119-128. 


Jorgenson,  Wilhelm 

1938*  Spectral  Transmission  and  Spectral  Scattering  of  Daylight  in  the 
Sea.  Thesis,  University  of  Viashlngton,  Seattle,  'Washington,  53 
pages . 

(Description  of  equipment  and  data  from  several  stations  in  oceanic 
waters  off  the  coast  of  Washington  and  British  Columbia  and  in  the 
San  Juan  Archipelago.) 


Jorgensen,  Wilhelm  with  C.  L.  Utterback 

1939-  Periodic  Changes  in  Spectral  Scattering  and  Spectral  Transmission 
of  Daylight  in  Tidal  Water.  Sears  Foundation:  Journal  of  Marine 

Research,  vol.  2.  no.  1,  pp.  30-37* 

(Observations  made  during  two  month  interval  at  one  location  in 
San  Juan  Archipelago.) 

Knapmdu,  Frederick  W. 

19^1.  The  Sodium  Content  of  Ocean  Water  Thesis,  University  of  Viashing- 
ton,  Seattle,  Washington,  21  pages. 

(Data  for  stations  in  F'iget  Sound  and  adjacent  areas.) 


Lewis,  George  J.,  Jr. 


1950.  The  Effect  of  Freeziiig  ou  the  Sulfate/chlorinity  Ratio  in  Sea 
Water,  Thesis,  University  of  Washington,  Seattle,  Washington, 
19  pages. 

( Sea  water  taken  from  Puget  Sound . ) 


Lewis,  George  J.,  Jr,  and  Thomas  G.  Thompson 

1950*  The  Effect  of  Freezing  Upon  the  Sulfate/Chlorinity  Ratio  in 

Sea  Water.  University  of  Washington,  Oceanographic  Laboratories, 
Technical  Report  no.  1,  7 pages  (dittoed),  tables,  diagrams. 

(Sea  water  taken  from  Puget  Sound.) 


Lincoln,  John  H.,  Robert  G.  Paquette,  and  Marice  Rattray,  Jr. 

195^*  Microsalinometer  for  Oceanogra.phic  Model  Studies  University  of 
Washington,  Department  of  Oceanography,  Technical  Report 
15  pages  (mimeographed). 

(Instruaientatlon  on  a small  scale  oceanographic  model  of  Riget 
Sound  Including  certain  problems  of  salinity  struoLura,) 
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Lucas,  C,  C. 

1929*  Further  Oceanographic  Studies  of  the  Sea  Adjacent  to  the  Fraser 
River  Mouth.  Transactions  of  the  Royal  Society  of  Canada.,  3cL 
series,  vol.  23,  section  5>  PP*  29-58>  plus  10  plates. 

Lucas,  C.  C,  and  A.  H.  Hutchinson 

1927.  A 3io-Iijdrogr8.phical  Investigatioii  of  the  Sea  Adjacent  to  the 

F'^aser  River  Mouth.  Transactions  of  the  Royal  Society  of  Canada 
3d  series,  vol.  21,  section  5.-  PP»  485-520. 

I'oarmer,  H,  A. 

1932.  Tides  end  Tidal  Currents.  Bulletin  of  the  National  Research 

Council,  no.  85,  Physics  of  the  Earth -V,  Oceanography,  Chapter 

7,  pp.  229-309. 

(includes  data  for  the  Puget  Sound  area.) 

1949.  Sea  Level  Changes  Along  the  Coasts  of  the  United  States  in 

Recent  Years.  Transactions  of  the  American  Geophysical  Union, 
vol.  30,  no.  2,  pp.  201-204. 

(Seattle  area  included.) 

1951.  Tidal  Datum  Flanes.  U.S.  Department  of  Coirjmerce  Coast  end 
Geodetic  Survey,  Sepcial  Publication  no.  135  [Revised  (1951) 
Edition  ] , 142  pages. 

(Illustrations  include  Seattle  and  the  Puget  Sound  Area.) 

1952.  Changes  in  Sea  Level  Determined  from  Tide  Observations,  Pro- 
ceedings of  Second  Conference  on  Coastal  Engineering,  Ifouston, 
Texas,  November  1951^  Edited  by  J.  W.  Johnson,  The  Engi.ueering 
Foundation  Council  on  Wave  Research,  pp.  62-67. 

(Values  for  Seattle  are  given.) 

McLellan,  Peter  M. 

1954.  An  Area  and  Volume  Study  of  Puge  "t  Gound^  Vic.F,hington.  University 
of  Washington,  Department  of  Oceanography,  Technics"'  Report  no. 
21,  39  pages  (mimeographed). 

Nelson,  Kurt  H.  and  'rhomas  G.  Tliompson 

1953.  Desalting  of  Sea  Water  by  Freezing  Processes.  University  of 
V/ashington,  Department  of  Oceanography,  Technical  Report  no.  I3, 
22  pages  (dittoed). 

(The  sea  water  used  in  the  experiments  was  taken  near  the 
to  Puget  Sound.) 

Paciuette,  Robert  G.  and  Clifford  A.  Barnes 

1951*  -Measurement  of  Tidal  Currents  in  Puget  Sound.  University  of 

Washington,  Oceanographic  L-aboratories,  Technical  Report  no.  6, 
28  pages,  plus  tables  and  figures  (dittoed). 


Peaxl,  Irwin  A,  and  H.  K.  Benson 

1940.  A Nitrosolignin  Colorimetric  Test  for  Sulfite  Waste  Liquor  in 
Sea  Water.  Paper  Trade  Journal,  vol.  Ill,  no.  I8,  pp.  35“3u* 
(Method  of  analysis  with  a few  observations  from  the  Puget 
Sound  area . ) 

Phifer,  Lyman  D.  and  Thomas  G.  Thompson 

1937.  Seasonal  Variations  in  the  Surface  Waters  of  San  Juan  Channel 
during  the  Five  Year  Period,  Janmry  I93I  to  December^  30,  1935* 
The  Sears  Foundation:  Journal  of  Marine  Research,  vol.  1,  no.  1, 

pp.  34-59. 

Pollock,  Robert  N. 

19'dJ,  The  Occurrence  of  Calci\nn  and  Magnesium  Ions  in  the  Waters  of 
Puget  Sound.  Thesis,  University  of  Washington,  Seattle,  Wash- 
ington, 19  pages. 

Poole,  H.  H.  and  W.  R.  G.  Atkins 

1930.  Photo-electric  Measurements  of  Submarine  Illumination  through- 
out the  Year.  Journal  of  the  Marine  Biological  Association 
of  the  United  Kingdom,  vol.  16,  new  series,  pp.  297-374. 

(Contains  empirical  relationship  between  extinction  coeffi- 
cients and  Secchi  Disc  readings  based  on  observations  in 
English  Channel.  Cf'  use  in  evaluating  data  only,  no  direct 
application  to  Puget  Sound.) 

Pcvsr's  B? 

1926.  The  Variation  of  the  Condition  of  Sea-water,  Especially  the 
Kydrogsn-ion  Concentration,  ana  Ito  Relation  tu  Piarine  Organ- 
isms. Publications  Puget  Sound  Biological  Station,  vol.  2, 
no.  5^^  PP’  385-385. 

(Puget  Sound  area.)  , 


uaich,  Abrahaiui 

1949.  The  Determination  and  Separation  of  Strontium  from  Calcixin  in 

Sea  Water.  Thesis,  University  of  Washington,  Seiattle,  V/ashing- 
ton,  37  pages, 

(Sea  water  obtained  from  the  San  Juan  area.,. 

Rattray,  Maurice,  Jr. 

1953.  Tide  and  Current  in  Puget  Sound.  Corinthian  Helmsman  1952, 
Published  by  the  Corinthian  Yacht  Club,  Seattle,  Washington, 

pp.  47-55- 

(Semi-techniciil  for  the  jay  reader.) 
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Redfield^  Alfred  C. 

1950a.  The  Analysis  of  Tidal  Phenomena  in  Narrow  Embayrnento.  Papers 
in  Physical  Oceanogi-aphy  and  Meteorology>  Massachusetts  lasli- 
tute  of  Technology  and  V/oods  Hole  Oceanographic  Institute,  vol. 
11,  no,  4,  pp.  1-36. 

(Includes  an  analysis  of  the  Juan  de  Fuca  and  Georgia  Straits 
System. ) 

1950b,  Note  on  the  Circulation  of  e.  Deep  Estuary- -The  Juan  de  Fuca — 

Georgia  Straits.  Proceedings  of  the  Colloquium  on  the  Flushing 
of  Estuaries,  Woods  Hole  Oceanographic  Institute.  Woods  Hole, 
Mass.,  pp,  175-177. 

(This  system  illustrates  the  saline  counter  current  which  appears 
to  be  a general  feature  of  the  circulation  In  estuaries  and 
affords  a good  example  of  the  use  of  temperature -salinity  cor- 
relations in  Identifying  the  source  of  waters  in  an  estuary.) 

Robinson,  Rex  J, 

1941,  A Method  of  Freeing  Sea  V/ater  of  Phosphate,  Science,  vol.  93^ 
no,  2405,  pp.  117-118. 

(Sea  v;ater  from  Friday  Harbor.) 

Robinson,  Rex  J.  and  Fred  W,  Koapman 

1941.  The  Sodium-Chloriiiity  Patio  of  Ocean  Waters  from  the  Northeast 
Pacific.  The  Sears  Fovindation:  Journal  of  Marino  Research, 

vol,  4,  no,  2,  pp.  142-152. 

(Comparative  data  includes  Puget  Sound.) 

Robinson,  R.  J.  and  T.  G.  Thon^json 

1940.  Tidal  Cycle  Variations  in  the  Composition  of  See  Water,  Associa- 
tion d'-Ooeanographle  Physique,  Union  Geodesique  et  Geophvbique 
Internationale,.  Proces-Verbaux,  no.  3,  p,  IS5. 

( In  or  near  the  ban  Juan  Islands  area  adjacent  to  Puget  Sound . ) 

Robinson,  Rex  J.  and  Henry  E.  Wirth 

1934u . Free  Ammonia,  Albuminoid  Nitrogen,  and  Organic  Nitrogen  in  the 
Waters  of  tlie  Pacific  Ocean  off  the  Coasts  of  Washington  and 
Vancouver  Island,  Journal  du  Conseil  pour  1 *i<bq)loration  de  la 
vol.  9,  no,  2,  pp.  187-195. 

(Comparative  data  for  Puget  Sound  included.) 

1934b,  Report  on  the  Free  Ammonia,  Albuminoid  Nitrogen  and  Organic 
Nitrogen  in  the  Stu-tmers  < i 1931  1932.  Journal  du  Conseil 

International  poiu-  1 'Exploration  de  la  Mer,  vol.  9,  no.  1, 

pp.  15-27. 

(Includes  data  for  Ihiget  Sound.) 


9k,  No.  2427, 


Robinson,  Rex  J,  and  Ben.jamin.  M.  G.  Zwickei 

19’-H.  Preparing  Nitrate -Free  Seei  Water.  Sclenc'i;  vol. 
pp.  25-26. 

(Sea  Water  from  Friday  Harbor.) 


Ross,  F.  W.  and  C.  L.  Utter-back 

1939*  Intensity  Fluctuations  in  Components  of  Solar  Radiation  with 

Atmospheric  Conditions.  Journal  du  Gonseil  International  pour 
1' Exploration  de  la  Mar.  vol.  l4,  no.  2,  pp.  193-200. 
(Observations  at  Friday  Harbor,  Washington.) 


Schureman,  Paul 

1941.  Tide  and  Current  Glossary.  U.S.  Department  of  Commerce  Coast 
and  Geodetic  Survey,  Special  Publication  no.  228,  Washington, 
D.C.,  40  pages. 

(of  use  in  tide  and  current  analysis  only,  no  direct  implication 
to  Puget  Soiind.) 


Seckel,  Gunter  R. 

1953-  Salt  Intrustion  and  Flushing  of  Lake  Washington  Ship  Canal, 

Thesis,  University  of  Washington,  Seattle,  Washington,  97  pages. 

Seckel,  Gunter  R.  and  f'Saurice  Rattray,  Jr. 

19?3*  Studies  on  Lake  Washington  Ship  Canal.  University  of  V.'aohing- 
ton.  Department  or  octanos'raphy.  Technical  Report  no.  15, 

ICx  pages  (mimeographed) . 

(Discussion  of  contamination  of  lake  water  by  sea  water  and 
insight  into  the  mechanism  of  two-layered  flow  and  nixing. ) 


Selbo,  Magnus  L. 

1940.  Determination  of  Total  Phosphorus  in  Sea  V.’ater.  Thesis, 
University  of  Washington,  Seattle,  Washington,  13  pages. 
(Puget  Sound  water  evaluated.) 

Shelf ord,  V.  E. 

1929.  The  Penetration  of  Li^ut  into  Puget.  Sound  Waters  as  Measured 
with  Gas  Filled  Photo-electric  Cells  and  Ray  Filters.  Publl- 
ctitlons  Puget  Sound  Bio-logical  Station,  vol.  7,  PP.  151-l^jS* 
(Observations  at  Frid.ay  Harbor,  Wa-shington. ) 

Shelf  ord,  Victor  E.  and  Floyd  Gail 

1922,  A Study  of  Light  Penetration  Into  Sea  Wacer  Made  :rith  the 
Kunz  Photo-Electric  Ceil  With  Particular  Reference  to  the 
Distribution  of  Plants.  Pubi xc&tioas  Puget  Sound  Slological 
Station,  vol.  3,  no.  65,  pp.  141-176. 

(Observations  at  Friday  Harbor,  Washington. ) 
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Smith,  E,  Victor  and  Thomas  G,  Thompson 

1925.  The  Control  of  Sea  Vlater  Flowing  into  the  Lake  Washington  Ship 
Canal.  Industrial  and  Engineering  Chemistry,  vol.  IT,  no,  10, 
pp.  108i*-1087, 

(a  summary  of  results  on  a study  of  the  invasion  of  salt  water 
into  Lake  Union  through  the  Locks  of  the  Ship  Canal.  Pollu- 
tion of  the  water  for  industrial  use.  A complete  analysis.) 

1927a.  Occurrence  of  Hydrogen  Sulfide  in  the  Lake  Washington  Ship 

Canal.  Industrial  and  Engineering  Chemistry,  vol.  I9,  no.  7, 

pp.  822-823. 

1927b.  Salinity  of  the  Lake  Washington  Ship  Canal,  Bulletin  Univer- 
sity of  Washington  Engiii£Ci’i;ig  Experiment  Station,  no.  41, 
Seattle,  Washington,  lOH  pages. 

(A  study  of  conditions  affecting  the  flow  of  sea  water  into 
the  canal  system.  A complete  geographic  analysis  with  plates, 
maps,  and  charts  of  the  area  outlining  the  entire  problem. 

Sverdrup,  K,  U.,  Martin  W.  Johnson,  and  Richard  H.  Fleming 

1946.  The  Oceans.  New  York:  Prentice -Hall,  Inc,,  IO87  pages. 

(Contains  basic  data  and  references.) 

Taylor,  Howard  J. 

1932.  The  Determination  and  Occurrence  of  Fluorln®  In  Sea  Water, 
Thesis,  University  of  Washington,  Seattle,  Washington,  44  pages. 
(Data  from  Strait  of  Juan  de  Fuca,  San  Juan  area,  and  Pacific 
Ocean. ) 

Thomas,  Bertram  D, 

1933.  The  Electrical  Conductivity  of  Sea  Water.  Thesis,  University 
of  Washington,  Seattle,  Washington,  4,3  pages. 

(Analyses  include  water  from  Puget  Sound.) 

Thomas,  Bertram  D.,  Thomas  G.  Thompson,  and  Clinton  L,  Utterback 

1934.  The  Electrical  Conductivity  of  Sea  Water.  Journal  du  Ccnccil 
latcmational  Pour  l’E»— ’oration  de  la  Men,  vol,  9,  do.  1, 
pp.-  28-35. 

(Analysis  of  waters  of  the  Puget  Sound  Area  incl’uded  in  the 

) 

Thompson,  Thomas  G. 

1930.  A Progress  Report  on  Ionic  Racios  and  Specific  Gravity  of  Sea 
Water.  Western  Society  of  Naturalists,  Contributions  to 
Marine  Ecology,  Stanford  University  Press,  pp=  79-91= 

( Concerns  the  water  of  Puget  Soiind . ) 
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Tfiompson,  Thomas  G. 

1935*  The  Oceanographic  Laboratories  of  the  University  of  Washington. 

The  Collecting  Net,  vol.  10,  no.  10,  pp,  281-284. 

(Discussion  of  activities  and  research  taking  place,) 

1937«  The  Oceanographic  Laboratories  of  the  University  of  Washington. 

The  Biologist,  vol.  l8,  no.  2,  pp.  16O-I7O. 

(Discussion  of  activities  and  research  taking  place.) 

1940.  Activities  of  the  Oceanographic  Laboratories  of  the  University 
of  Washington,  Seattle,  Washington.  Proceedings  of  the  Sixth 
Pacific  Science  Congress,  Berkeley,  Stanford  and  San  Francisco, 
1039.  vol.  3,  pp.  127 -3.37 . 

(includes  data  and  siimniary  of  work  being  undertaken  in  the 
Puget  So'ond  Area.) 

1952.  Report  on  the  Oceanographic  Laboratories  of  the  University  of 

Washington.  Proceedings  of  the  Seventh  Pacific  Science  Congres':, 
Auckland  and  Christchurch,  New  Zealand,  1949,  vcl.  3>  PP.  164- 

168. 

(Discussion  on  research  being  conducted  in  the  Paget  Sound 
area . ) 

Thompson,  Thomas  G.  and  Robert  U.  Bonnar 

1931.  The  Buffer  Capacity  of  Sea  Water.  Industrial  end  Engineering 
Chemistry,  Analytical  Edition,  vol.  3^  no.  4,  pp.  393-395. 

(An  analysis  made  in  the  waters  of  Puget  Sound.  Factors  causing 
variations  are  discussed,) 

Thompson,  Thomas  G.  and  Kaymond  W.  BreuUjer 

1935.  The  Occurrence  of  Iron  in  the  Water  of  the  North  Ea&t  Pacific 
Ocean.  Journa.l  du  Gonseil  International  Pour  I'Exploration  de 
la  Mer,  vol.  10,  no.  1,  pp.  39-47. 

(Includes  analysis  in  the  San  Juan  area.) 

Thompson,  Thomas  G.,,  Raymond  W.  Breir'er,  and  I,  Marion  Jamieson 

1932.  Occurrence  and  Determination  of  Iron  in  Sea  Water.  Iruustrial 
and  Engineering  Chemistry,  Analytical  Edition,  vol.  4,  no.  3^ 

pp . 288-290 . 

(Analysis  made  in  the  Strait  of  Juan  de  Fuca  and  tne  San  Juan 
Archipelago. ) 

Thompson,  Tliomas  G..  Dale  C.  Burtner,  and  Tsaihva  J,  Chow 

1954.  Flame  Photometric  Deteruiination  of  Stronti\.un  in  Sea  Water. 

Fianuscript  in  Department  of  Oceanography,  University  of  Viash.ington, 
Seattle,  Washington.  (Unpublished.) 
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Thompson;  T.  G.  and  I.  Igelsrvd 

1937.  The  Solubility  of  Boron  in  the  Waters  of  the  North  Pacific. 
Association  d'Oceanographie  Physifiue,  Union  Geodesique  et 
Geophysique  Internationale,  Proces-Verbaux  no.  2,  p.  1!55» 
(Includes  values  for  I*uget  Sound.) 


Thompson,  T.  G.  and  Martin  V/.  Jonnson 

1930-  The  Sea  Water  at  the  Puget  Sound  Biological  Station  from 

September  I928  to  September  1929 • Publications  Puget  Sound 
Biological  Station,  vol.  7*  PP*  3^3"368. 


Thon5)son,  Thomas  G.,  Martin  Vf.  Johnson,  and  Seldon  P,  Todd 

1928.  The  Sea  V?ater  at  the  Puget  Souiiu.  Biological  Station  from 

September  1926,  to  September  1927*  Pi’ ^ cations  Puget  Sound 
Biological  Station,  vci.  6,  pp.  371-39^= 


Thompson,  Thoma.s  G.  and  Edwin  Korpd 

19^2 . The  Bromine -Chlorinity  Ratio  of  Sea  Water.  The  Sears  Founds - 
tion:  Journal  of  Marine  Research,  vol.  no,  1,  pp.  28-38. 

(Includes  comparative  data  for  Puget  Sound.) 


Thompson,  Thomas  G.,  Joseph  W.  Lang,  and  Luclle  Anderson 

292T*  The  Sulphate -Chlorinity  Ratio  of  the  Waters  of  the  North  Pacific 
Publications  P.get  Sound  Biological  Station,  vol,  5;  PP*  277-292 
(Puget  Sound  and  San  Juar4  areas  included.) 


Thompson,  Thomas  G.,  Roberta  McCoi‘kell,  and  Robert  U,  Bonnar 

1930.  A SuTuraary  of  the  Studies  of  the  Phosphate  Consent  of  the  Waters 
of  the  San  Juan  Archipelago.  Western  Society  of  Naturalists, 
Contributions  to  Marine  Biology,  Stanford  University  Press,  pp. 

82-86. 


Thompson,  Thomas  G.  and  Robert  C.  Miller 

I92S.  Differences  Observed  in  the  Condition  of  the  Sea  Water  at  the 
Margins  of  Two  Opposing  Tidal  Currents.  Science,  vol.  68,  no. 
1769,  pp.  517-?18. 

(Observations  made  in  the  waters  Just  north  of  San  Juan  Island. 
Reference  is  made  to  the  intensity  of  noise  at  the  interface 
of  the  tide  rip,  which  may  be  of  significance  due  to  its  magni- 
tude . ) 


Thompson, 

Todd 


Thomas  G.,  Robert  C.  Miller,  George 


ZJ  —V  ^ — 


iJo  i.cion  V w 


SLudies  of  the  Sea  Water  Near  the  Puget  Sound  Biological  Station 
During  the  Summer  of  1927*  Publications  Puget  Sound  Biological 
Station,  vol.  7>  PP*  65-99. 


•% 


'rhomas  G.  and  Lyman  D.  Phifer 

The  riar*hton  and  the  Properties  of  the  Surface  Waters  of  the 
Puget  Sound  Region.  University  of  Washington  Publications  in 
Oceanography,  vol.  1,  no,  5,  pp.  111-13^. 

Thomas  G,  and  Rex  J.  Robinson 

Chemistry  of  the  Sea.  Bulletin  of  the  National  Research  Council, 
no.  85,  Physics  of  the  Earth-V,  Oceanography,  Chapter  5.  PP*  95“ 

203. 

( Includes  data  for  tlie  Puget  Sound  area , ) 

The  Sea  Water  of  the  Puget  Soimd  Region.  Proceedings  of  the 
Fifth  Pacific  Science  Congress,  Victoria  and  Vancouver,  B.C., 

Canada,  1933,  vol.  3,  PP.  2101-2107. 

Thomas  G.  and  Hov/ard  Jean  Taylcr 

Determination  and  Occurrence  of  Fluorides  in  Sea  Water,  Indus- 
trial end  Engineering  Chemistry,  Analytical  Edition,  vol.  5, 
no.  2,  pp,  B7-89. 

(Analysis  made  in  tne  Strait  of  Juan  de  Fuca  and  the  San  Juan 
Isla'ids.  / 

Thomas  G.  and  Thomas  L.  Wilson 

The  Occurrence  and  Determination  of  Manganese  in  Sea  Water, 

Journal  of  the  American  Chemical  Society,  vol.  57,  no.  2,  pp.  233-236 
(Analysis  of  the  waters  of  Puget  Sound.  Includes  analysis  of 
Plankton,  muds,  and  other  bottom  deposits.) 

Thomas  G,  and  Calvert  C,  Wrighi 

lonic  Ratios  of  the  Waters  of  the  North  Pacific  Ocean.  Journal 
of  the  American  Chemical  Society,  vol.  52,  no.  3,  PP-  915-921. 
(Includes  analysis  of  samples  from  the  San  Juan  area.) 

Tilley,  John  N.  and  Balwen  A.  Semb 

1928,  A Study  of  the  Waters  of  the  Lake  Washington  Ship  Canal.  Thesis, 
University  of  Washington,  Seattle,  V.^ashington,  66  pages. 

( Detailed  chemical  ar»ai  ysis . ) 

Todd,  Seldon  P. 

1928.  The  Sea  Water  at  the  Puget  Sound  Biological  Station.  Thesis, 
University  of  Washington,  Seattle,  'Washington,  28  pages. 

(Concerns  the  San  Juan  area  in  wnich  the  station  was  located.) 

Trumbie,  Robert  E.,  Jr. 

19^<-7-  Reflection  of  Visible  Solar  Radiation  at  the  Surface  of  Inshore 
Ocean  Watei’S.  Thesis,  University  of  Washington,  Seattle, 

Washington,  Jf2  pages. 

(I'feasurements  made  at  Friday  Harbor,  Washington.) 


Thompson, 

193d. 


Thompson, 

1932. 


1931^. 


Thompson, 

1933. 


Thompson, 

1935. 


Thompson, 

1930. 
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Tully,  John  P. 

19^2.  Surface  Non-Tidal  Currents  in  the  Approaches  to  Juan  cie  Fuca 
Strait.  Journal  of  the  Fisheries  Research  Board  of  Canada, 
vol.  5}  no.  U,  pp.  398-'^?^ 

(it  Is  shown  that  the  system  represents  a balance  between  a wake 
stream  flow  from  Juan  de  Fuca  Strait,  which  is  directly  related 
to  the  volume  of  land  drainage,  and  the  independent  wind-driven 
currents,  which  are  due  to  one  of  the  two  prevailiiii^  coas+wiae 
winds  in  the  area . ) 

TIniversity  of  Washington  Department  of  Meteorology 

n.d.  Wind  dtita  obtained  from  University  facilities.  On  file  in  the 
Department  of  Meteorology,  Seattle.  (Unpublished.) 

University  of  Washington  Department  of  Oceanography 

195^'*  Frelin'ln«ry  Oceanography  Survey  on  Submarine  Portion  of  Sno- 

homlsh-Kitsap  230KV  Line.  Progress  Report  no,  1,  Submitted  to 
Bonneville  Power  Administration,  7 pages  (dittoed). 

(Contains  resume'^of  oceanographic  factors  and  analysis  of  avail- 
able temperature  and  salinity  data;  currents;  and  bottom  charac- 
teristics. ) 

1953«  Oceanographic  Survey  on  Submarine  Portion  of  Snohomish  Kitsap 

23OKV  Line.  Final  Repoi*t--Part  I,  Submitted  to  Bonneville  Power 
Administration,  173  pages  (dittoed). 

(Physical  oceanography  studies  include  work  on  the  distribution 
of  temperature,  salinity,  density,  pressure,  currents,  tides, 
and  surface  wind  waves  of  Puget  Sound.) 

195^a.  Oceanographic  Research  Periodic  Status  Report  for  Work  Performed 
Under  Contract  No.  R8onr-520/lII,  Project  No.  NR  O83  012,  of  the 
Office  of  Naval  Research.  No.  21  for  the  period  1 January-51 
March  19?^-  no.  17  for  the  r;eriod  1 July-31  December  1952. 
(Summarizes  work  performed  wj.thin  the  various  phases  cf  oceano- 
graphy studied. ) 

195*<b.  Periodic  Status  Report  for  Work  Performed  Under  Contract  No. 

Nonr-477(Ol),  Froject  No.  NR  064  0:i,  for  the  Office  of  Naval 
Research.  No.  9 for  the  period  1 January-31  March  1954,  no.  4 
for  the  period  1 June-30  September  1952, 

(Summarizes  work  and  opera lluus  perfonuied  aboard  the  M.  V.  BROWN 
BEAR,  research  vescel  operated  by  the  University,) 


109 


i 


* 


University  ot  Washington  Oceanographic  Laboratories 

1952a.  Oceanographic  Research  Periodic  Status  Report  for  Work  Performed 
under  Contract  No.  N8onr-520/lII,  Project  No.  NR  O83  01?,  of  the 
Office  of  Navttl  Research,  No.  1.C  fur  tne  period  1 .^pril-30  June 
1952,  no,  1 for  the  period  15  March-30  Ceptember  19^8, 

1952b.  Periodic  Status  Report  for  Work  Performed  Under  Contract  No. 

Non3'-477(01),  Project  No.  NR  084  Oil,  of  the  Office  of  Naval  Re- 
search. No.  3 for  the  period  1 January-31  May  1952,  no.  1 for 
the  period  1 June -30  September  195 L' 

U.S.  Army  Corps  of  Engineers 

1952.  Personal  communication  on  the  effect  of  ships'  wakes  on  shore 
installations  in  Puget  Sound.  Letter  from  K.  F.  Smrha,  Chief, 
Operations  Division,  to  Peter  McLellan,  dated  26  June  1952. 

(Nc  study  has  been  made  by  the  Corps  of  Engineers.  With  the 
exception  of  speed  regulations  for  the  Lake  Washington  Ship 
Canal,  no  regulations  have  been  prescribed  for  this  area  at 
reducing  the  daniage  caused  by  ships’  wakes.) 

U.S.  Department  of  Commerce  Coast  and  Geodetic  Survey 

u.d. 


1921-27. 

1949-51- 

1928-48. 


1952-53. 


1867-85. 


1886-89. 


1890-91. 


Tidal  Bench  l-lark  Data.  Washington,  D.C. 

(Published  on  leparate  sheets  by  index  map  number  and  the  .name 
of  the  locality  in  which  located.  Each  sheet  is  individually 
i 8 sued  and  dated.) 

Current  tables,  Pacific  coast  North  .America  for  the  year . 


Current  tables.  Pacific  coast  North  America  and  Philippine 
Islands  for  the  year . 

Current  tables,  Pacific  coast  North  .America  and  Asia  for  the 
year . Gcvcrnmcal,  rrliiliiig  Office. 

Tide  tables  for  the  Pacific  coast  of  the  United  States  for  the 
year . 

Tide  tables  for  the  Pacific  coast  of  the  United  States  together 
with  a few  stations  in  Lower  California,  British  Columbia  and 
Alaska  Territory  for  the  year . 

Tide  tables  for  the  Facific  coast  of  the  United  States  together 
with  121  stations  in  Lower  California,  British  Columbia  and 
Alaska  Territory  for  the  year . 


no 


U.S.  Department  of  Comnerce  Coast  and  Geodetic  Survey 

1892.  Tide  tables  for  tbe  Pacific  coast  of  the  United  States  together 

with  132  ststicnG  in  Lower  California,  Brii.ish  Coluiubia  and  Alaska 
Tcrritc’7’  for  the  year . 

1893-914.,  Tile  tf'bleR  for  the  Pacific  coast  of  the  United  States  together 
with  150  stations  in  Lower  California.  British  Columbia  and 
A],aEka  Territory  for  the  year 

1895*  Tide  tables  for  the  Pacific  coast  of  America  together  with 

stations  in  .Asia.  Australia  and  islands  of  the  Pacific  Ocean 
for  the  year , 

1896-1900.  Tide  tables  for  the  Pacific  coast  of  the  United  States 
( reprinted  from  Tide  Tables  for  ) . 

1901.  Tide  tables  for  the  Pacific  coast  of  the  united  States,  including 
British  Columbia  and  Alaska  (reprinted  from  Tide  Tables  for  ). 

1902-14.,  Tide  tables  for  the  Pacific  coast  of  the  United  State's,  together 
with  a number  of  foreign  ports  in  the  Pacific  Ocean  (reprint 
from  Tide  Tables  for ) , 

1915"21.  Pacific  coast  tide  tables  for  Western  North  America,  Eastern 

Asia  and  many  island  groups  for  the  year (reprinted  from 

the  General  tide  tables), 

1922.  Tide  tables,  Pacific  coast  North  America,  Eastern  Asia  and 

island  groups  including  data  on  cutrbnts  for  the  year 

(reprinted  froi^  the  Tide  Tables,  United  States  ana  foreign 
ports) . 

1923-33 « Tide  tables.  Pacific  coast  North  America,  Eastern  Asia  and 

island  groups  lor  the  year (reprinted  from  the  Tide  Tables, 

United  States  and  foreign  ports), 

193^-50.  Tide  tables,  Pacific  Ocean  and  Indian  Ocean  for  the  year . 

1949-53*  Tide  tables,  west  coast  North  and  South  American,  (including 

the  Hawaiian  Islands)  for  the  year Government  Printing 

Office. 


1938,  Tidal  Bench  Marks,  State  of  Washington,  Washington,  D.C.,  IO9 
pages. 

(Description  and  locations  of  all  bench  marks,  federal,  state, 
and  municipal  (a  co3JLection  of  single  sheets  bound).) 


Ill 


U,S.  Dep 
1941a*. 

1941b. 

1942, 

1946. 

1948. 

1949. 

1952a. 

1952b. 

1952c. 

1952d. 

1952e . 


nrtsient  of  Commerce  Coast  and  Geodetic  Survey 

Density  of  Sea  Water,  Coast  and  Geodetic  Survey  Tide  Stations, 
Pacific  Coast.  Publication  EW-2,  44  pages,  (includes  Puget 
Sound  area.) 


Water  Temperatures,  Coast  and  Geodetic  Sux-vey  Tide  Stations, 
Pacific  Coast.  TW-2,  46  pages. 

(includes  Puget  Sound  Stations.) 

Tidal  Harmonic  Corif.tants--Paciflc  and  Indian  Oceans.  Publication 
TH-2,  Washington,  133  pages. 

(Contains  tidal  constants  for  nine  locations  in  tne  Puget  Sound 
area. ) 


Index  Nfep,  Tidal  Bench  Marks,  Washington.  Washington,  D.C, 
(Lists  tidal  bench  marks  by  numbered  positions.) 

Tidal  Current  Charts,  Puget  Sound,  Southern  Part.  Serial  713, 
Government  Printing  Office,  Washington. 

ourface  Water  Temperatures  at  Coast  and  Geodetic  Survey  Tide 
Stations,  Pacific  Ocean.  Publication  TW-2,  Revised  (1948) 
Edition,  47  pages. 

(Contains  data  for  Puget  Sound.) 


Density  of  Sea  Water  at  Coast  and  Geodetic  Survey  Tide  StationR, 
Pacific  Ocean.  Publication  w-2,  Revised  (1?5C)  Edition,  37  page 
(Stations  in  Puget  Sound  including  Mean  Salinity  Curves,) 


Personal  communication  on  Tidal  Karmonic  Constants  for  the  PUget 
Sound  Area.  Letter  from  Robert  W.  Knox,  Acting  Director,  to 
Peter  McLellan,  dated  December  16,  1952. 

(The  only  additional  station  to  those  in  publication  TH-2  in  the 
Puget  Sound  area  for  which  harronic  constants  are  available  is 
Everett.) 


Personal  communication  on  the  tide  sui*vey  program  now  in  effect 
in  Puget  Sound,  Letter  from  Robert  W.  Knox,  Acting  Director, 
to  Peter  M.  McLelJ.an,  dated  July  2,  1952. 

Surface  Water  Temperatures  at  Tide  Stations,  Pacific  Coast,  North 
and  South  America  and  Pacific  Ocean  Islands.  Special  P-.iblicaticn 

no.  280,  59  pages. 

( Contains  data  f oi*  Puget  Sound . ) 

Tidal  Current  Charts,  Puget  Sound,  Kcii,hern  Part,  Serial  no,  696, 
Government  Printing  Office,  Washington. 
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U.S.  Departnient  cl’  Commerce  Coast  and  Geodetln  Survey 

1953a*  Communication  on  reliability  of  measurements  in  Puget  Sound. 

Note  from  Captain  Charles  Pierce,  Supervisor  N.W.  District,  to 
Department  of  Oceanography,  (April  6,  1953)^ 

1953h.  Personal  communication  on  present  tidal  current  surveys  in  Puget 
Sound.  Letter  from  Kobert  W.  Knox,  Acting  Director,  to  Peter 
McLellan,  dated  10  April  1953* 

U.S.  Navy  Hydrographic  Office 

1951*  Techniques  for  Foi'ccasting  Wind  Waves  and  Sv:ell.  H.O.  Publica- 
tion, nc.  6o4,  Hydrographic  Office,  Washington,  D.C.,  37  pages. 
(Techniciues  may  be  applied  to  Puget  Sound.) 


Utterback,  C.  L. 

1933*  Variations  in  Visible  Solar  Light  During  Submarine  Measurements. 
Science,  vol.  7?i  no.  198?>  PP*  II8-.II9. 

1935*  Submarine  Illuminetion , Transactions  of  the  American  Geophysical 
Union,  Sixteenth  Annual  Meeting,  pp. 

(Includes  some  data  for  the  San  Juan  and  Juan  de  Fuca  Straits 
areas. ) 

Utterback,  C.  L.  and  J.  Watson  Doyxe 

1933.  Light  Penetration  in  the  Waters  of  the  San  Juan  Archipelago. 

The  Journal  of  the  Optical  Society  of  America,  vol.  23,  no.  10, 

PP*  333-338. 

(’Limited  eunount  of  data.) 

Utterback,  C.  L.  and  Wilhelm  Jorgensen 

193^'  Absorption  of  Daylight  in  t'ne  North  Pacific  Ocean.  Jouraal  du 

• Conseil  International  pour  1 'Exploration  de  ±a  Mer,  vol.  9^  no.  2, 

I GT  -QOO  . 

r’X'  • — ✓ t — ✓ - 

(Area  adjacent  to  Puget  Sound  discussed. ) 

1936.  Scattering  of  Daylight  In  the  Oea.  The  Journal  of  the  Optical 
Society  of  America,  vol.  26,  pp.  257-259* 

Utterback,  C.  L.  and  Eugene  K.  Miller 

1937*  Variations  in  Components  of  Submarine  Daylight  for  1953  and  1936. 
Journal  du  Conseil  International  pour  1’ Exploration  de  la  Mer, 

’’■ol.  12,  no.  3,  pp.  505-310. 

(Observations  at  roughly  monthly  intervals  at  Pillar  Point  and 
Point  No  Point.) 
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Utterback,  C.  L.,  Thomai;  Thompson,  and  Berrrara  D,  Thomas 
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MARIl®  BIOLOGY 


FISHERIES  BIOLOGY 


COMMERCIAL  FISHERIES 

To  a considerable  degree  the  waters  of  Puget  Sound  contribute  Euch  Dess 
to  the  overall  regional  fishery  than  do  the  waters  which  are  iTnaediately 
E adjacent.  Some  species  of  both  fish  and  aiicllfish,  however,  do  occur  in 

I qu.'.ntity  and  are  of  comraercial  importance.  Appendix  11 -A  ehcT-rs  the  princi- 

S pal  fishing  areas  within  Puget  Sound  ani  the  major  ixoh  and  shellfish  which 

I are  taken  in  each  area,  Appendix  11 -B  contains  a summary  of  the  personnel 

I and  equipment  which  were  employed  in  the  Puget  Sound  area  in  19^9* 

[ 

Local  Methods  of  Commercial  Fiahjng 

Various  methods  of  commercial  fishing  have  been  adopted  in  the  local 
fleheryj  following  is  a brief  description  of  the  major  types. 


i 


•rHCLIERG.  The  trollirig  boat  usually  consists  of  a medium  sized  motor 
launch  with  severt.l  long  extended  poles.  From  each  of  these  poles  run  long 
fishing  lines  to  which  one  or  more  lures  are  attached.  As  the  fish  strike 
these  lines  they  are  towed  behind  the  boat  and  landed  individually.  The 
Chinook  and  silver  salmon  for  the  most  part  are  caught  in  this  marmer-. 


PifRSE  SEINES.  The  purse  seine  is  operated  from  a ccnsidenibly  larger 
boat  than  the  troller  and  consists  of  a large  net  floated  by  corks  along  one 
edge  and  weighted  along  an  opposite  edge  so  as  to  hang  vertically  in  the 
water.  The  object  is  to  encircle  a school  of  fish,  close  the  net  around 
them  in  the  form  of  a "purse”  and  then  draw  the  net  aboard  the  vessel.  All 
the  species  of  salmon  as  well  as  smelt  and  flounder  are  taken  in  this  man- 
ner. 


GILL  NETS.  Gill  nets,  vrhich  tire  usually  operated  from  small  boats, 
are  floated  vertically  in  the  water  in  th^  oame  L^inner  as  the  purse  seine. 
They  are  Daid.  out  in  a straight  line  across  the  area  to  be  fished  and  the 
fish  become  entangled  in  the  web  of  the  net  as  they  attempt  to  pass  through. 
All  species  of  saiaon  as  well  as  flounder,  ling  cod  and  steelhead  are  taken 
in  this  Miannes' , 
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REiEF  NETS.  Reef  nets  are  susiiended  horizontally  in  the  water  and  ere 
operated  he  tween  two  boats,  usuail;  near  a reef  or  in  an  area  where  fish 
must  pass.  When  fish  ore  sighted  passing  over  tho  net  it  is  raised  and  the 
fish  are  raptured.  This  method  is  commonly  used  hy  the  local  Indians  as  w’el 
as  commercial  fishentan  hut  only  . n th.e  northern  parts  of  Pug'“t  Round  (’Wash- 
ington State  Department  of  Flslieries  19511>)  • The  salmon  are  the  only  fish 
tahen  in  this  manner . 


OTTER  TRAWI.S.  The  ntter  trawl  consists  of  a large  wehhed  net  shaped 
Dike  a closed  sack  and  is  towed  behind  a slowly  moving  heat.  On  either 
side  of  the  trawl,  vanes  are  rigged  so  as  to  hold  open  the  mor.th  of  the 
net  as  it  passes  through  the  water.  Herring,  perch,  ling  cod,  rat -fish, 
skates,  dog-fish,  squid,  octopus  and  sole  are  taken  in  this  manner. 


OTHER  METHODS.  Other  methods  of  commercial  fishing  which  are  used 
locally  Include  the  use  of  drag  seines,  heam  trawls,  brush  weirs,  set  nets, 
set  lin.es,  and  various  forms  of  Indian  traps. 


Catch  Statistics 


In  Table  11-1  are  shown  the  n'Hnbers  of  each  of  the  five  species  of 
Pacific  Salmon  which  were  taken  on  Puget  Sound  In  1951*  Individual  catch 
statistics  for  all  major  commercial  fish  taken  on  Puget  Sound  are  available 
at  Washington  State  Department  of  Fisheries,  Research  Division. 


iiccatloii  and  Concentration  of  Fishing  Vessels 


Concentrations  of  commercial  fishing  vessels  In  ynrious  localities  are 


'O 


4*-t 

U-  W VA 


the  fish  and  prevailing  reg"alations 


governing  coinmerciaD.  fishing.  During  the  open  season  the  entrance  to  Hood 
CanaD  , Port  Susan,  and  Everett  Harbor  are  at  times  aTinost  coiiipj.eteiy  blocked 
by  the  fishing  boats  and  gear.  The  Notice  to  Meriners,  ]3th  Coast  G’oard 
District,  occasionally  carries  a reference  to  this  congestion.  In  additioi.'. 
to  +he  commercial  fishing  vessels,  sports  fishermen  in  small  crafr  car  ne 
expected  at  almost  any  time  and  place,  and  at  times  are  also  concentrated  in 
great  numbers.  Appendixes  11-A  aiid  11-B  summarize  the  principal  fishing 
areas  aiid  operating  units  in  Piaget  Sound. 


For  information  concerning  commercial  end  sport  fishing  laws  in  Puget 
Sound,  reference  is  made  to  Orders  of  the  Director  of  Fisheries  (Anderson 
1950 /S  ®nd  Pacific  Northwest  Food  Fishes  (Washing+on  Stare  Departratrit  of 
F isheries  1951^) • 


TABLE  11-1.  Catch  of  Salmon  Within  Puget  Sound,  1951 •* 

[In  numbers  of  fish} 


TAKEN 

TAKEN 

SPECIES 

IN  SALT 

IN  FRESH 

TOTAL 

WATER 

WAl-ER  (1) 

Chinook 

19,586 

1,799 

21,385  (2) 

Pink 

579,845 

Chum 

I 

561,495 

59,823 

621,313  (4) 

Sockeye 

28,294 

1 

28; 295  (5) 

Silver 

l4i,640 

7,205 

148,045  (6) 

Totals 

1,330,860 

. 

70,861 

1,401,721 

L 

* Does  not  Include  any  area  north  or  vest  of  West  Beach  (Whidbey 
Island) . 

(l)  Except  for  the  Skagit  River,  these  numbers  *onstltuc  fish  taker,  by 
Indians  in  the  rivers. 

(i^)  Includes  l6,07ii-  fish  taken  in  Skagit  Bay. 

(3)  Inc.ludes  409,066  fish  ta.V;en  in  Port  Susan  and  Port  Gardner. 

(4)  Includes  199j67T  fish  t€>en  in  .Admiralty  Inlet  and  129i530  f ‘.sh  taken 
in  Skagit  Bay. 

(5)  Includes  763  fish  taken  in  Skagit  Bay, 

(6)  Includes  52,58?  fish  taken  in  Port  Gardner  and  Port  Su.san  and 
30,t*-32  fish  v.aken  in  Skagit  Bay. 

Table  sutnmari’.’.ed  from  Puget  Sound  Salmon,  19^9  and  1951  (Washington  State 
Department  of  Fisheries  n.d.c). 


The  Pacific  Salmon 


The  most  highly  valued  fish  to  be  found  in  Puget  Sound  and  its  adjacent 
waters  are  the  five  species  of  Pacific  salmon;  the  Chinook,  silver,  sockoye, 
pink,  and  the  chum.  Since  ail  are  extremely  migratory,  they  are  most  abvin- 
dant  during  the  periods  when  they  travel  to  their  spawning  grounds  in  the 
freshwater  rivers  and  streams.  All  are  moncrep reducing  and  no  instariCC  is 
on  record  whore  a Pacific  salmon  has  made  a second  spawning  migration. 

CEABACTERISTICS,  HABITS,  APm  SPECIES,  The  chincok  or  king  salmor. 
Oncorhynchus  xshawytscha  usuaD.iy  enter  freshwater  sometime  in  the  summer 
or  fall  and  spawn  from  about  the  middle  of  August  through  October.  Upon 
hatching,  the  young  may  remain  in  the  streams  till  the  second  year  or  leave 
for  the  ocean  where  they  will  mature  In  from  two  to  four  years.  At  maturity 
their  average  weight  Is  about  2?  pounds,  however,  tn  60  pound  chincok 
are  net  rare. 

The  habits  of  the  silver  or  cohoe  salmon  0.  kisutch  are  similor  to 
those  of  the  chlnook;  however,  their  time  of  migration  is  somewhat  later. 
Usually  they  enter  the  streams  in  October  and  November  and  hatch  about 
February.  The  yoimg  hatched  silvers  usually  remain  ii.  the  streams  a yeai-, 
then  spend  another  year  and  a few  months  in  the  ocean  before  returning  In 
the  fall.  Thus,  while  maturing  and  spawning,  they  are  usually  three  years 
old.  The.  average  we.lght  of  a mature  silver  Is  about  10  pounds. 

The  pink  cr  humpback  salmon  0.  gorbusche  has  a spawning  migration  poi’i- 
od  in  late  summer  or  .early  fall  and  the  young  fish  immediately  travel  down- 
stream to  mature  in  two  years . It  has  been  characteristic  oP  thPRe  fish 
locally  to  have  "runs"  only  in  the  odd  numbered  years.  The  pink  sai.mon 
averages  about  ? 1/2  pounds  at  maturity  and  rarely  exceeds  10  pounds. 

For  the  most  part  the  spawning  migration  of  tne  sockeye  salmon  0.  nerka 
takes  place  in  the  simaer  and  only  one  small  run  takes  place  in  Puget  Sound. 
Thi 3 is  tne  group  of  fish  going  the  Skagit  and  Baker  Rivers.  The  nahits  of 
these  fish  much  resemble  the  Chinook  except  for  one  characteristic  that  clis- 
tiugulshes  them  from  the  others.  That  is  that  they  will  only  spawn  in  the 
rivers  where  there  is  a lake  they  can  reach.  Usually  they  mature  at  four 
and  five  years  at  which  time  they  weign  from  5 to  7 po'onds. 

The  chum  or  dog  salmori  0.  keta  has  a spawning  migi’at.Ion  in  the  late  fall 
and  like  the  pink  salmon  the  young  immediately  leave  for  salt  water  where 
they  mature  at  thre^  and  five  years.  Their  average  weight  is  about  10  pounds 
at  maturity  (Washington  State  Department  or  fisheries  3951b;  Clemens  and 
Wilby  1949) . 
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Oysters 


SPECIES.  Three  species  of  oysters  are  comnon  in  the  Puget  Sound  area; 
the  Pacific  oyster  Ostrea  gigas  which  was  introduced  from  Japan  in  1902,  tne 
native  or  Olys^jia  oyster  0 . lurida,  and  the  European  flat  oyster  0.  edulis . 
The  Olympia  and  Pacific  are  the  principal  species. 


PxEFEOElICTION.  Despite  a huge  reproductive  potential,  oyster  spawn  has 
a relatively  low  survival  rate.  On  an  average  of  2 years  out  of  5j  natural 
spawning  accounts  for  only  about  one -half  of  the  optimum  coumierciai  reseed- 
ing; consequently  the  local  oyster  industi*y  is  dependent  upon  seed  import 
from  Japan  to  meet  the  market  demand.  The  spawning  period  for  ioual  oysters 
is  in  the  summer  months. 


SIZE.  The  Pacifies  may  reach  k inchos  in  shell  size  at  2 years,  whereas 
the  slower  growing  Olympia  is  only  1 1/2  inches  long  when  it  reaches  maturi- 
ty at  4 years . 


OCCUEEENCE.  The  principal  oyster  beaches  occur  in  the  bays  of  southern 
Puget  Sound  and  the  Hood  Canal  area  (Washington  State  Department  of  Fisheries 
1952e). 


Clams 

SPECIES.  Principal  species  of  haiushell  clams  to  be  found  locally  are 
the  little  neck  or  rock  clam  Venerupis  staminea,  the  butter  clam  Saxidomus 
giganteus,  the  horse  clam  S ch 1 zothaerus  nuttalli  and  the  impressive  goeduck 
clam  Panone  eenerosa. 


REPRODUCTION.  The  reproductive  and  growth  characteristics  of  the  ha?:d“ 
shell  clams  are  similar  to  those  of  the  oyster  and  reproduction  takes  pLirf 
interm ’vtently  in  the  spring  and  summer  months. 


SIZE  AND  OCCURRENCE.  Little  necks  concentrate  in  the  tidal  zone  be- 
tween minus  3 and  plus  4 feet  and  within  6 inches  of  the  surface.  They 
usually  do  not  exceed  ? l/2  Inches  in  shell  size. 

Butter  clams  are  ir.u.-t  often  found  below  the  2 foot  tidal  maik.  Their 
adult  size  is  about  3 bo  5 inches. 

The  horse  clam  is  found  much  deeper  than  the  butter  and  litt3.e  r,trck 
clam:  usually  from  1 to  3 feeb  below  the  surface  and  in  the  minus  tide  zone. 
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The  Goeduck  most  often  inhabits  the  sandy  bars  in  the  luinus-tide  zone. 
Soiue  specimens  have  been  dredged  from  vater  as  deep  as  30  fathoms.  They 
are  the  largest  of  the  local  clams  and  often  veigh  as  much  as  20  pounds. 

The  average  weight  is  about  3 pounds  (V/aahington  State  Department  of  Fisher- 
ies 19?2e). 


Crabs 


SPECIES.  The  principal  species  of  crab  to  be  taken  locally  is  the 
Du’igeness  crab  Cancer  magister . 


IiEPRODUCTlON  and  SIZE.  Mating  usually  occurs  in  May  or  June  and  hatch- 
ing takes  pla.ce  in  the  following  winter  or  early  sprlngj  the  young  crabs  will 
first  appear  in  adult  form  about  12  months  after  the  mating- -usually  in  June. 
At  two  years  most  of  the  crabs  have  reached  naiurity  and  measure  about  k 
inches  in  width.  At  3 years  the  males  measure  about  5 3/^  inchi-o  in  widtV<-- 
the  females  are  usually  an  inch  less. 


OCCUPEENCE.  The  most  productive  grounds  occur  outside  Puget  Sound 
proper  particularly  in  the  Point  Roberts  area,  Discovery  Bay,  Dungeness; 
and  on  the  outer  coast.  Within  the  area  they  are  principally  found  in  Port 
Gardner;  Port  Susan,  and  Skagit  Bav  (Washington  State  Department  of  Fisher- 
ies 1952e). 


PIS!1  AND  SHELLFISH  KILLS 

There  are  many  instances  where  both  fish  and  shellfish  kills  have  been 
reported  from  various  Puget  Sound  ax-eas.  TTsually  the  responsible  factors 
which  cause  them  remain  unknown,  however,  in  some  cases  there  is  almost  di- 
rect evidence  for  their  occurrence.  Highly  suspected  as  a direct  source 
are  seveial  local  industries  which  spill,  as  a means  of  disposal,  organic 
waste  liquors  into  the  Sound  (Smoker,  et.al.  1952).  See  section  on  Geography: 
Water  Pclution,  for  discussion  on  sources  of  pollution. 


Port  Gardner  Bay 


Extensive  fish  kills  have  been  reported  from  time  to  time  in  this  area. 
These  kills  have  involved  mostly  herrliog,  hake,  sme^t,  candlefish  and  sal- 
monoid  scrapfish.  Water  analyses  taken  at  the  time  of  the  kills  'nave  indi- 
cated the  presence  of  sulphite  waste  llq.uors  or  in  some  instances  <msatis- 
factory  oxygen  conditions  (Orlob,  Anderson,  and  Hansen  19  •19) . 
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Mud  Bay  Area  (Eld  Inlet) 


Although  fish  and  shellfish  kills  in  other  regions  have  been  attributed 
to  red  tide  organisms,  it  appears  probable  but  not  certain  that  they  may  be 
the  responsible  factors  in  Puget  Sound.  In  July  “•  very  heavy  fish  anl 

shellfish  mortality  was  reported  from  Mud  Bay  (Eld  Inlet  area)  at  which  ^ime 
a heavy  rust  colored  plankton  bloom  also  occurred.  The  pigmented  plankton 
was  subsequently  identified  as  tlie  red  tide  organism,  Gymnodlnlua  splendens 
(Washington  State  Department  of  Fisheries  1952c). 


Des  Moines -Redondo  Area 

From  13  September  to  I9  September  1952,  an  estimated  3OOO  silver  salmon 
were  killed  in  this  area.  Although  lignins  were  found  in  the  area,  it  is 
not  believed  that  the  kill  was  due  to  the  normal  course  of  domestic  or  com- 
mercial polluticn  but  to  some  unusual  or  accidental  event. 
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BIOLOGY 


■/ABim  BORERS 

Two  organisms  which  are  important  contributors  to  marine  boring  in 
Puget  Sound  are  the  "ohlpwonn,"  commonly  known  as  the  "teredo"  and  the 
"wood  gribble."  The  following  is  a general  description  of  their  .local 
activity. 


Sblpvorm 

According  to  Johnso.n  and  Miller  (Johnson  and  Miller  1935)  the  weed 
boring  mollusks  cf  the  iamil.y  Teredinidae  are  chiefly  represented  in  the 
Puget  Souiiu  area  by  the  large  and  destructive  Shipworm  Bankia  setacea 
(Xryon)  sp.  In  one  Isolat.ad  case,  however.  Teredo  ( Lyrodus ) sp . 'nas  also 
been  reported  (Clapp  195^)  arid  others  possibly  exist, 


PERIOD  OF  SETTLEMENT.  The  settlement  of  Bankia  setacea  in  some  Puget 
Sound  areas  is  reported  to  take  place  throughout  the  entire  year  (Martin 
1933)  while  in  other  areas  tlie  perl.ods  of  settlement  are  seasonal  (Hower 
1938).  This  is  in  accord  with  the  following  statement  by  Johnson  and 
diller  in  1935: 

It  iiiay  be  concluded  therefore  that  the  principal  see  son  of  cettle- 
ment  of  Bank!  a,  setacea  at  Friday  Harbor,  and  presumably  in  ad,;Ecent 
areas  with  comparable  ph^rsical  conditions,  is  in  the  mouths  of 
October,  Rovemoer,  and  December;  that  settlement  nearly  or  entirely 
ceases  in  January  and  February,  begins  again  in  March  or  April, 
goes  on  more  or  less  sporadically  through  the  s’ummer,  and  increases 
Suddenly  in  October  to  the  fall  maximum. 

and: 

1/hlle  it  would  l.e  hazardous  to  assert  that  no  settlement  of  larvae 
rrill  occur  outside  this  temperature  range,  (7^1  to  15?°c)  the  hypo- 
thesis is  here  suggested  that  these  figures  represent  the  limits  of 
etfective  breeding  of  Bankia  in  Puget  Sound,  and  that  as  long  as  the 
temperature  of  the  water  is  above  or  below  these  limits  no  attack 
cf  destructive  intensity  is  to  be  expected. 

(Johnson  and  Miller  1935- ) 


DEGPJIE  and  level  of  attack.  Table  11-2  shows  the  degree  of  Teredinidae 
attack  on  a yearly  basis  at  thirteen  Pu/;et  Sound  locations.  Figure  H-1  and 
Table  11-3  show  the  seasonal  settlements  of  Bankia  setacea  at  Shelton  and 


r'rloa.y  Harbor.  Washinirton.  Location  of  all  stations  can  be  fo'und  in  Flc. 
1.-2,  section  on  C-eoi^iviphy.  Cansrally,  the  Tercdiaidae  activity  reported 
is  most  severe  at  mor's  isulaoed  stations.  Where  anomalous  water  conditions 
may  prevail,  the  activity  appeals  somewhat  sporadic. 

In  consideration  of  the  level  at  which  Teredinidae  atinek  is  most  in- 
tense, Johnson  and  Miller  have  found  that  Bankla  setacea  has  a maximum 
activity  near  the  mud  line  (Johnson  and  Miller  1935) • This  is  Ehovrn  in 
Table  11-3 . 


The  Grlbble  or  Sea  Louse 


Usually  found  with  the  Teredinidae  are  the  small  and  abundant  Isopod 
borers.  In  Fuget  Sound  these  organisms  are  mainly  represented  by  Llmnoria 
ligncrum  (Rathke) . 


PERIOD  OF  SETTLEI'ENT.  Concerning  the  seasonal  settlement  of  Linnoria, 
reference  is  made  to  a C VUUtUAl'*  C^*  the  work  of  Joiinson  and  Miller  at  Friday 
Hai-bor,  Washington  in  1935  s 

Llmnoria  settled  on  the  blocks  in  greatest  abundance  during  the 
three  month  period  starting  March  1,  with  the  maximum  occurrence 
in  April  and  May.  After  June  1,  there  was  a rather  sharp  decline 
in  numbers  of  L3mnoria  and  through  the  remainder  of  the  year  the 
settlei'.ent  was  comparatively  light. 

(Johnson  and  Miller  1935.) 

The  work  of  Howin-  at  Ghaic'jn,  Wasnington  and  Martin  at  Bremerton  in- 
dicates, however,  that  the  periods  of  settlement  of  these  organisms  varies 
with  area  in  which  they  occur.  The  maximum  breeding  and  migratory  activity 
occurs  between  7«5°  and  9-7°  C.  (Johnson  and  Miller  1935)- 


DEGREE  AKD  LEVEL  OF  ATTACK.  The  findings  of  both  Rower  and  Martin  in- 
dicate a raaxiiuam  vertical  activity  near  the  mud  line  and  zero  low-tide  datura 
(Rower  1938;  Martin  193°).  This  agrees  with  Johnson  and  Miller's  finJirigs 
at  Friday  Harbor  (Johnson  and  Miller  1935)  -r.d  is  a significant  featu2*e  of 
these  organisms  as  well  as  for  the  Teredinidae.  All  sources  of  inforrriiticn 
indicate  that  the  vertical  zone  near  the  zero  low-tide  datinn  is  most  pref- 
erable for  boring  organisms  and  their  activity  dirainishes  in  the  higher 
tidal  levels. 
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Table:  t’roin  Jehrson  and  Miller  ( Jola.nscn.  and  Hiller  1935) 


FOULING  ORGANIS^© 


Tile  groups  of  organisms  which  make  major  contributions  to  fouling  in 
the  Puget  Sound  area  are  the  barnacles,  the  non -be ring  mollusks,  and  the 
bryozoa  and  hydroids . Of  lesser  slgnif icance  are  the  algae  arc’  less  cotnmonl 
occurring  fo^nns  such  as  brachiopods,  annelid  tube  worms,  tunlcates,  and  some 
varieties  of  coelent.erates . 


tiamacles 

The  barnacles  represent  one  of  the  more  abundant  forms  of  the  area. 
They  exist  almost  universally  wherever  there  arc  sui table  substrata  for 
attachment.  These  forms,  although  not  strictly  intertidal  animals,  are 
mosi.  prevalent  In  the  area  near  the  zero  low -tide  datum  where  they  fre- 
quently exist  in  heavily  encrusting  colonies. 


SPECIES,  According  to  Henry  there  are  thirteen  species  of  barnacles 
In  Puget  Sound  which  exhibit  the  following  vertical  zonation  (ilenry  19^0) : 


High -tide  region: 


Mid-tide  region: 


Mid -tide  to  zero 
tide  region: 

Minus -tide  region: 


Sub-littoral  zone: 


Pel£'.gic  forms: 


Chthamalus  dalli 
Balanus  glandula 

B.  glancu].?. 

B.  cariosus 
"Mitella  polymerus 

B.  crer»5.tus 
B.  cariosus 

B.  cariosus 
B.  crenatub 
B.  nubllus 

B.  rostratus  alaskensis 
B.  balanus  pugebensis 
*B.  engbergl 

B . crenatus 
B.  nubilus 

S.  rostretus  alaskensis 
B.  balanus  pugetensia 
B.  hesperius  laevldomus 
*E , cngbcxgx 
*Scalpellum  columblanum 

Lepas  anatlfei-a 
L . pectinata  jiacif  ica 


^indicates  ,'i.east  vu^evalent  of  the  group. 
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PERIOD  OF  SETTLE^K1^^.  CcjucRrning  the  seasonal  settlement  of  the  cir- 
rlpedia,  Johnncn  and  Miller  at  Friday  Harbor,  found  two  maxima  of  settie- 
ment,  one  in  May  and  the  other  in  September  (Johnson  and  Miller  1935)-  This, 
howe»fer,  was  for  one  species  only  B.  glandula . HoW6;r,  at  Shtlton,  Waoh- 
itigion,  found  a maximum  period  of  settlement  from  1 March  to  35  May  for 
B . glandula  and  B . crenatur.  (Hower  1938) . 


rEQREE  OF  ATT'AOK.  Although  the  degree  to  which  these  foims  will  attach 
will  pho'  marked  seasonal  and  local  variation,  a general  year  to  year  pat- 
tern marks  the  area  as  one  in  which  heavy  fouling  from  these  forme  is  to 
be  expected.  Further  information  concerning  degree  cf  cttack,  size,  abun- 
dance and  occurrence  of  these  forms  may  be  obtained  from  the  references 
(Henry  1940a,  19^2;  Rice  1930j  ‘-'ovler  1930j  U.S.  Navy  Bureau  of  Yards  and 
Docks  195 Woreley  1930) . 


Mussels 


The  non -boring  mollusks  are  mainly  represented  in  the  aiea  by  tbs 
mussel  Mytilus  edulls . This  sessile  form,  usually  existing  with  the  har- 
aacle  communities,  is  most  pre’.'alent  in  the  low  tide  zone. 


PERIOD  OF  SETTLEMENT.  According  to  Martin’s  work  in  the  Bremerton 
area,  the  period  of  maximum  settlement  for  Mybilus  edulls  was  from  about 
1 April  to  1 July  at  Seabeck  and  Keyport  and  from  about  i May  to  6 August 
at  Bremerton. 


DEGREE  OF  ATTACK.  Over  the  12  and  14  month  periods  during  which  tVie 
investigations  were  made  in  the  Bremerton  area^  the  following  counts  com- 
prised the  total  nvunbers  of  Mytilus  edulis  that  ettacaed  to  four  square 
feet  of  exposed  area  at  each  locality  (Martin  1938) : 

Bremerton,  Standard  Oil  Pock  - IO3 

Bremerton,  Navy  Yard  - 6L3 

Seabeck  - 583c 

Kf  yport  - 993 

There  is  a lack  of  information  concerning  horizontal  distrihubicn  of 
these  i.  or  ills  . 


Bryoaoa  ana  Hydroids 

Since  they  are  so  numerovts  and  so  difficult  to  ob=erve.  the  degree  to 
which  the  bryezoa  and  hydreids  have  contributed  to  fouling  in  the  Puget 
Sound  drea  3j.3.s  not  received  due  ennsideratior... 
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PERIOD  OF  SEITLEi'CNT.  Howar's  work  at  Shelton  indicates  a period  of 
maximuTn  settlement  for  encrusting  brj'czoa  from  mid-June  to  mid -September 
and  occurrences  of  non-encrusting  forms  in  May,  June,  September,  November, 
and  December  (Howe.r  1938)  < For  a complete  classification  of  Puget  Sound 
bryozoa,  see  T’ne  Bryozoa  of  Puget  Sound  and  Adjacent  Regions  (Knox  1938), 
and  List  of  Bryozoa  from  the  Vicinity  of  Puget  Sound  (O’Donoghus  and 
O'Donoghue  1925). 


Informtion  concerning  the  quantitative  contributions  of  algae  to 
fouling  is  lacking.  However,  one  report  on  test  panel  operations  in  Puget 
Sound  indicates  traces  of  green  algae  in  three  instances.  C'o«slderation 
must  be  given  to  the  fact  that  in  no  case  were  these  panels  exposed  more 
than  8 months  (U.S.  Na’/y  Bureau  of  Yards  and  Docks  1951)* 


MAM4ALS 

Certain  mammals  are  Known  to  occur  in  the  Puget  Sound  area,  A gen- 
eral description  of  tlie  activities  of  the  predominant  species  follows. 


I?hale8,  Dolphin,  and  Porpoise 

The  cetaceans  are  known  to  be  mainly  habitants  of  open  ocean,  however, 
they  have  frequently  been  known  to  journey  into  the  inland  waters  as  far 
south  as  the  Nisqually  Reach  area  in  the  southernmost  part  of  Puget  Sound. 
Except  for  the  "harbor  porpoise,"  th(r  "killer  whale"  and  to  a lesser  ex- 
tent the  "humpback  whsle,"  their  occurrence  in  the  area  is  infrequent. 


SPECIES.  According  to  Scheffer  and  Slipp  the  following  species  of 
cetaceans  have  been  observed  within  the  confines  of  ?ug»=t  ^(/und  (Scheffer 
and  Slipp  1946): 


*Mesoplodon  ste jnegeri  True 
Grampus  rectipinna  (Cope) 
pg<=»dr,T-ca  crassidens  (Owen) 
^•Rhaehianectes  glaucus  (.Cope) 
Loalaenoptera  physalus  (Linnaeus) 
Balaenoptera  acutorostrata  Le-'-epede 
Megaptera  novaeangliae  (Borowski) 
Delphlnapterus  leucas  (Pallus) 
Phocoena  vcmcrina  (Gill) 


- Stejnegar  Beaked  Whale 

- Killer  ’rfhale 

- False  Killer  VJhale 

- Grav  Whale 

- Finback  Whale 

- LittlfJ  Piked  Whale 

- Humpback  Whale 

- White  Whale,  Beluga 
••  Harbor  Dorpcicc 


*Uncertaln  idenily 
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KITiLER  WHAIjES.  The  killer  whales  (blackfish)  . although  recorde.i  in 
Puget,  Sound  at  all  seasons,  are  most  frequently  seen  off  Camario  Island 
during  the  salmon  and  herring  runs,  the  Tacoma  area  during  the  spring  and 
fall  months  and  in  Tulalip  Bay  during  the  sumer.  Of  a gregarious  nature, 
they  rove  in  "wolf  packs,"  rarely  remaining  in  one  place  more  than  a few 
minutes,  and  ere  especially  active  in  shallows  and  river  mouths  after 
nightfall  where  they  feed.  Some  local  sources  regard  the  'killer  whale" 
as  a nuisance  and  salmon  predator  while  others  defend  it  as  a natural 
enemy  of  other  fish  predators  such  as  harbor  seals  and  birds. 

/ 

HUMPBACK  WHALES . The  "humpback  whale"  is  i^rohably  the  most  common  of 
the  large  whales  to  enter  the  inland  waters  of  the  area.  This  whale,  usu- 
ally occurring  alone,  has  been  reported  seen  as  far  south  as  Henderson  In- 
let, and  is  probably  the  species  seen  from  time  to  time  in  Elliott  Bay. 


PORPOISE . "Harbor  porpoises"  are  the  most  common  cetaceans  of  the 
area  and  occur  duilng  all  seasons.  Being  less  gregarious  than  the  "killer 
wlialc"  they  are  usually  seen  in  pairs  or  small  groups.  Generally  they 
avoid  the  shallows  of  the  eastern  side  of  the  Sound  where  the  water  is  muddy  J 

or  bracklBh.  I 

s 

Seals 

Harbor  sprIs  Fhoca  vltull na  rlchardli  which  are  quite  common  along  the 
outer  coast  also  occur  within  Puget  Sound  where  they  are  known  to  frequent 
the  shallow  bays  and  tidef lat  areas . Invariably  they  will  be  found  in  i 

places  where  it  is  impossible  for  an  enemy  to  api^roach  unseen,  such  as  on 
rocks,  sand  bars  or  floating  logs.  They  are  strictly  nonmigra 
be  found  during  all  seasons  wherever  they  occur  (Scheffer  and  Slipp  1944). 


KEPRODUCTIOu.  Important  breeding  grounds  for  the  harbor  seal  can  be 
found  at  the  deltas  of  the  Skagit,  S-f  i Llaguemish,  SnohoniLsh,  and  Nisqually 
Rivers.  Their  pupping  season,  which  occurs  inter  in  the  inland  waters 
tlian  on  +he  coast,  is  from  about  late  June  to  early  August  (Echeffer  and 
Slipp  1944). 


FKSjiATlON,  Locally,  the  harbor  seal  is  considered  a nuisance  and  a 
fish  predator.  Scheffer  and  Sperry  i-eported  In  1931  that  fishes  made  up 
93 -52  percent;,  of  the  total  volume  of  the  stomach  contents  of  6l  seals 
taken  from  192T  to  193'3  (Scheffer  and  Sperry  1931)  • 
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KF.LP  BEDS 

As  the  following  lliustrates,  the  occurrences  of  Kelp  beds  within 
Puget  Sound  is  relatively  unconmon. 


Location 

In  Fig.  11-2  are  shown  the  locations  and  extent  of  the  Kelp  beds  in 
Puget  Sound  as  recorded  by  the  United  States  Dspartsent  of  Agriculture 
SuX"vSy  la  1911  and  1912.  For  the  most  part  these  beds  represent  pure 
stands  of  tne  bladder  kelp  Nereocystis  luetkeana . However  in  some  areas 
of  the  Straits  of  Juan  de  Fuca  a narrow  ^ed  of  Macrocystis  pyri f era  will 
be  found  on  the  shoreward  side  of  the  Nereocystis  bed.  The  major  kelp 
beds  of  this  region  are  either  in  the  Strait  of  Juan  de  Fuca  or  the  San 
Juan  Islands  with  only  a few  scattered  patches  occurring  in  Puget  Sound 
proper. 


Abundance 


It  was  estimated  in  the  I9II  and  I912  investigations  that  about 
390 >000  tons  of  Kelp  occur  in  the  entire  Puget  Sound  region  of  which  only 
3000  tons  occur  in  that  area  couth  of  Port  Tovnoend.  It  ohould  be  noted, 
this  estimate  is  conservative  and  concerns  mainly  Nereocystis  which  is  an 
annuax  plant  (U.S.  Department  of  Agriculture  Bureau  of  Soils  1914). 


NeitVier  Nereocystis  or  Macrocystis  grow  above  extreme  low  tide.  They 
are  most  often  found  firmly  attached  to  rocks  preferably  in  water  that  is 
constantly  in  motion  (Hurd  1916a,  1916b), 


RED  TILE 

A strikingly  brown  to  reddish  diu coloration  has  frequently  been  ob- 
served in  the  P\iget  Sound  waters  particularly  auring  the  summer  months. 

This  phenomenon,  called  a "red  tide"  is  the  result  of  the  raultlpLicatior. 
of  eno.mous  uiimbers  of  pigmented  zooplam:ton  which  give  a marked  discolora- 
tion to  the  water  when  piesent  In  S'ufficlent  concentrations. 


Species 

The  organisms  mainly  responsible  for  these  occurrences  are  the  dino- 
flagellates  Nootlluca  scintlllars , Gymnodinium  spjendens,  Cerntium  fusns 
and  the  ciliate  protor.can  ‘oyoxOT.j>.cuiUiu.  it  siioul.d  be  iiotod  tnat  other 
forms  may  cause  water  dlccclcraticn  but  the  abw%-e  art  the  prluelyil 
found  In  the  area  (Glud,  et.cl.  19’iT). 
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PLANKTON 


Except  for  the  area  at  the  entrance  to  Hood  Canal,  plankton  investi- 
gations in  Puget  Sound  and  adjacent  waters  have  been  almost  entirely  re- 
stricted to  the  waters  of  the  San  Juan  archiF'-l^S'^  Strait  of  Juan 

de  Euca=  Factual  information  on  rne  species,  abunu,auc“,  illstiibution  and 
seasonal  occurrence  of  plankton  in  Puget  Sound  proper  is  lacking. 


General  Pj Rfyibuti on  of  Plankton  in  Puget  Bound 

The  worK  of  T’nompsoi.'.  and  Phifer  In  June  T933  <’'b  'the  surface  waters  of 
Puget  Sound  from  which  the  following  sumsinry  ^ras  made,  ofrero  a general 
distribution  of  plankton  in  Puget  Sound  during  the  siusmer  season. 

1 Relative  to  waters  east  of  Deception  Pass  the  quantity  of 
plankton  decreased  between  Deception  Pass  and  Catnano  Read. 

2.  South  of  Lowell  Point  the  diatom-dominant  plankton  changes 
to  one  composed  mainly  of  theoete  dinoflagsllates  of  tVie  geners. 
Peridinlum,  Dlnophysia , and  Cer^tiuffi  together  with  ciliates  of 
the  genera  Favolla , ■ jej.lccBtomel'ia,  Tiru  I Lnnus  . and  Tintinnopsis . 

This  type  of  plankton  continues  to  Dash  Point. 

3.  The  Plankton  in  the  Point  Defiance  section  of  Puget  Sound 
was  dominated  by  diatoms, 

U.  Prom  Point  Defiance  to  Foulweather  Bluff  via  C elves  Passage 
the  plankton  was  composed  mainly  of  dlnoflagellates  and  cllllates. 

5.  Across  Admiralty  Inlet  to  Possession  Sound  the  planVton  was 
non -descript  consisting  of  diatoms,  dlnoflagellates,  and  clliiatcs 
in  about  equal  portions  together  with  a few  larval  lorsiii  of  soo- 
piankton . 

(Thompson  and  Phifer  193^) . 


Distrihution  of  Plankton  at  the  Entrance  to  Hood  Canal 


According  to  plankton  investigations  mafie  at  the  entrance  to  Hood 
Canal  by  Dempster  in  193^>  '^•he  following  i-esults  were  revealed. 

1,  The  copopod  fauna  was  mainly  represented  by  Pseudocalanus 
elongatus  [now  P.  mlautus  j , Qithona  helgolandlca  now  0.  similii- 
and  CorycaeuE  af finis . Also  present  were  the  copepods  Acartia 
lor.glremls.  A.-  clausll,  Calanus  flnmarchlcus,  Microsetells.  rosea, 
Tortanus  discaudatus  and  Metridia  lucens . 

2.  Crustacean  larvae  were  evenly  distributed  throughout  the 
entire  year  and  contributed  a substantial  percentage  to  the 
zooplankton  of  the  locality.  The  copepod  nauplii  were  the  domi- 
nant forms  during  the  entire  year  except  for  May  and  June  when 
liic  crab  larvae  predominated. 


3.  Copepod  oggs  were  plentiful  in  all  plankton  hauls  and  most 
abundant  during  March  and  April. 

H.  Amphipods  were  most  often  encountered  in  the  winter  plaiik- 
ton  hauls  and  were  most  numerous  in  the  deep  zones. 

5 . Sagitta  was  num'^rous  iri  <^eer,  sRmples  taken  during  the 
vrinter  and  spring  months. 

6.  Pelagic  tunicates  were  frequently  found  buo  never  abundant. 

7.  Rotifers  appeared  sparsely. 

8.  Medusae  were  found  mostly  in  June  and  July.  The  most  im- 
portant species  was  Phialldi’jia  gr^garlum. 

9.  The  tintinnoinea  were  ms  inly  represented  by  Stenosomel.la 
expanse  ^ S'  vcr.tricosa  and  Tintinnopsls  gracialis . 

10.  The  dincflagellates  were  mainly  represented  by  Peridinium 
depressum  which  was  prominent  from  April  to  January';  Ceratium 
fusus  which  was  prominent  in  A.ugust,  Octoler  and.  December  and 
Noctllu<^  scintillans  which  was  prominent  from  June  to  December. 

11.  The  diatoms  were  represented  by  twenty -four  genera  and 
fifty-tw'c  species.  The  prominent  winter  forms  were  Coscinodiscus 
centralis , C . excentricus , Areebnoldiscuo  ehrenbergii  and 
Biddulphiu  arctica.  Skeletonenta  costatum,  Nitzschia  sei'iata 

and  Chaetoceros  species  were  common  during  the  remainder  of  the 
year.  Several  diatom  forms  bloomed  only  for  short  periods  and 
were  lacking  or  unimportant  the  remainder  of  the  year. 

(Dempster  1938) > Species  revision  from  (Davis  19^9) • 


ambieint:'  noise 

So  information  concerning  measurements  of  ambient  Uoise  in  Puget 
Sound  is  known  to  be  available.  Ho^-fever^  many  of  tne  organisms  which 
have  been  classed  as  noisemakers  in  other  areas  are  also  known  to  be 
present  in  Piiget  Sound  and  it  caii  be  assumed  that  they  utilize  their 
noise  making  habits  here  as  elsewhere. 


POISONOUS  MARINE  LITE 

Throe  forms  of  marine  life  in  Puget  Sound  are  known  to  possess 
certain  toxic  properties  which  ifiay  have  unpleasant  or  possibly  fatal 
efiects  on  humans.  The  following  is  a brief  discussion  of  thece  forms. 


Jellyfish 


Common  to  the  waters  oi  rUgCo  i-ouuv.i  is  the  larg 


1 O V»  f 


Ik 


reddish  jelly-fish  Cyanea  capillata.  Suspended  from  the  outc;r  tiicrgln  of 
this  organism  arc  mimsrous  long  thread-like  tentacles  which  are  liber- 
ally provided  with  stinging  cells  (nematocysts)  that  are  capable  of  in- 


r'-' 


EFFECTIVENESS  OF  STING.  Depending  upon  the  degree  cf  contact  and  the 
sensitiveness  oi''  the  skin,  the  effect  cf  the  sting  vill  vary.  However,  there 
are  instances  or.  record,  as  Neal  Carter  points  out,  in  which  great  discom- 
fort has  resulted. 

Assuming  the  skin  of  their  arms  and  hands  was  sufficiently 
weathered  to  he  non-sensitive  they  took  no  precautions  and  after 
ahout  10  minutes  the  engineer  suffered  an  intense  itching  of  the 
feet  followed  in  about  20  minutes  hy  a feellnt^,  oT  compression 

around  the  ribs the  itching  of  the  feet  was  so  intense  that 

work  had  to  be  stopned  and  the  men  sought  any  kind  of  relief.  ..... 
in  about  2 hours  their  distress  ceased  lea-'’ing  a clammy  and  ex- 
hausted feeliiig  that  peisisted  another  3!^  lainutes . 

(Carter  19'-'-3). 


Fish  Spines 


It  is  common  knowledge  that  certain  varieties  of  fish  are  equipped 
with  sharp  dorsal  spines  -npabic  of  dt-ep  puuctures  on  pei-sons 

cosing  into  contact  with  them.  Fish  of  this  tji)e  which  are  common  to  the 
Puget  Sound  area  arc  the  species  rockfibh,  genus  Sebastodes,  the  ratfish 
hydrolagus  colllei  and  the  dogfish  S<iualus  suckl eyl. 


NATTJHE  OF  WOUND.  There  apparently  is  considerable  coufusion.  regarding 
the  exact  nature  of  the  spines  of  these  fishes,  and  the  wounds  they  inf 11 on. 
The  general  opinion  in  some  cases  is  that  these  wounds  become  infected 
through  iritrodnccion  of  hacteria  from  the  fish  slime,  'tiowever,  in  the  rase 
of  the  ratfish,  it  has  been  determined  that  certain  venomous  properties  car 
be  associated  with  its  dorsal  spine  (Halstead  and  Bunker  195^^). 


Gonyaulax 


It  is  indicated  in  other  areas  that  Instances  cf  human  pulaouiiig  heve 
resulted  from  consuming  sea  food  whieh  had  been  reeding  on  species  of  the 
red  tide  organism,  gonyaulax.  Species  of  this  dinoflagellatt-  are  not.  found 
in  significant  abundance  in  Puget  Sound  since  it  is  probable  that  these 
forms  are  deieteriously  affected  by  brackish  water  (Glad,  et.al.  19^7). 
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PIlINCIPAL  FISlIENCf  AREAS  JVNIi  MAJOR  FISR  USD  SHELLFir:E  lAMSn  FROM  EACH  AREA  ( continued) . 


Appendix  11 -B 


SUMMARY  OF  OPERATING  UNITS  IN  THE  PUGET  SOUND  AREA, 


TYPF-  OF  TJNTT  NUlfflER 


Fishermen: 


On  vessels 

4,'5?2 

On  boats  and  shore 

2,74? 

Total 

7,414 

Vessels,  Motor 

956 

Net  tonnage 

20,085 

Boats ; 

Motor 

^ r\^£. 

X y XUU 

vy 

^oL. 

Ac-eessory  boats 

296 

Apparatus ; 

Purse  seines  and  Lampara  nets 

Pilchard 

- 

Length,  yards 

- 

Salmon 

296 

Length,  yards 

185,00c 

Haul  seines 

135 

Length,  yards 

12,800 

Gill  nets: 

•isiison 

696 

Squeirf  ^aru.t/ 

1,134,750 

W miiU.  A 

1,535 

Square  yards 

1;,  262, 25c 

Smelt. 

- 

Square  yards 

- 

Lines : 

Trawl,  set  or  hand 

31,618 

Hooks 

639,652 

Troll; 

Salmon 

3,564 

Hooks 

17,320 

Tuna 

605(1) 

Hooks 

6C5 

Pound  nets 

7(2) 

Brush  weirs 

1 

— ^4-  n 

Dip  nets 

38 

Beam  trawls 

6 

Yards  at  mouth 

55 

I4l 


TYPE  OF  UNIT 


NUMBER 


Otter  travls  1^2 

Y&rvfi  iit  mouth  2,400 

Traps : 

Crab  lB,300 

Cra’jl'ish  / 

Octopus  350 

Shrimp  350 

Dredges,  xongs  and  ty  hand 

Shovels  375 


* Data  pei’tains  to  all  vessels  whose  home  port  is  in  the  Fugst 
Sound  district,  e.g.  United  States  waters  inside  Cape  Flattery. 

(1)  Used  only  by  vessels  that  trolled  or  fished  exclusively  for 

tuna.  Dies  not  include  Tuna  gear  used  by  vessels  that  al.so  • 

trolled  fox'  Salman.  I 

(2)  Fished  only  on  Indian  Reservations.  ? 

it 

Data  from  Fishery  Btatlstles  of  the  United  States,  19^9  (.4-nderson 
and  Peterson  1952) . 
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(’ Morphology  and  descriptlcn  of  the  marine  red  algae  .Antithaoion. 
Speo'<’"‘=‘=''  taken  in  San  Juair  area.) 

Carter,  Nesl  M. 

19'0*  Stinging  Action  of  Jellyfishes.  Fisheries  Research  Board  of 

Canada,  Progress  Reports  of  the  Pacific  Coast  Stations,  no.  55 » 

pp.  7-9. 

^Physioioglea.l  effects  of  the  sting  of  the  jellyflch  Cyanea 
capillata  y'nich  is  common  In  Puget  Sound.) 

Chapman,  Wilbert  McLeod  and  Albert  Henry  Banner 

19^9-  Contributions  to  the  Life  Hi.story  of  the  Japanese  Oyster  Drill, 
Tritorei  la  ,)a?ontcR , utth  Notes  on  Other  Enemies  of  the  Olympia 
Oyster,  Ostrea  lurida.  State  of  Washington  Department  oi  Fish- 
eries, Biological  Report  no.  49A,  pp,  I67-2OO. 

Chapman,  Wiloert  M,  and  Allan  C.  DeLacy 

1933-  Notes  on  the  Fishes  if  the  Stats  o:..  Washington,  Copeia,  no.  2, 
pp.  102-103, 

(includes  notes  made  on  fishes  in  San  Juan  Island  area.) 

Chapman,  v.*.  M.,  M.  Katm,  and  D.  W.  Erickson 

I94I.  The  Races  of  Herring  in  the  State  of  Washington.  State  of 

Washington  Departmenn  of  Fishei'ies.  Biological  Report  no.  38a, 

36  pages. 

(includes  information  pertinent  to  Puget  Sound  area.) 


Chaprran , 

19^3  - 


Child,  C 

1919. 


Chilman, 

1938. 


Clapp,  W 

1930 , 


1952. 


Clark,  1 

] yOi  . 


Cleaver, 


Wilbert  McLeod  and  George  Esveldt 
The  Spawning  and  Setting  of  the  Pacific  Oyster  Ostrea  glgas 
Thui'iber;j  in  the  State  .of  Vlashington  in  19^2.  State  of 
V'ashing'ccu  Doparteent  of  Fisheries,  Biological  Report  no.  43A, 
(includes  notes  on  Hood  Canal  area.) 

. M. 

A Study  of  Susceptibility  in  Some-  Puget  Sound  A.lgac.  Publica- 
tions Fuget  Sound  Biological  Station,  vol.  2,  no.  48,  pp.  249- 

26  Y. 

(Considers  susceptibility  of  algae  to  such  reagents  as  Kirc,  HCL, 
KOH,  NaOH  and  ETHYL  ALCOHOL. 

Elsie  Helen 

Various  Factors  which  Affect  the  Plato  Count  cf  Marine  Bacteria. 
Thesis,  University  of  Washington,  Seattle,  W.aBhln(;ton,  54  pages. 
(Samples  in  experiments  taken  from  various  Puget  Sound 

locations . ) 

illiaui  r . Laboratories,  Inc. 

Harbor  Rsperto  on  flarine  Borer  Activities.  Compiled  for  the 
Research  Division,  Bureau  of  Yards  and  Docks,  Dep&r Lmeht  of  the 
Navy,  Washington,  D.C.  (mimeogi-apLied) . 

(includes  infenmtion  on  marine  fouling  and  boring  at  Seattle, 
Tacema,  Port  Townsend,  Indian  Island,  Everett,  Keyport, 
Dx'cuiex'ooii,  and  Olympia.) 

Fifth  Progress  Report  on  Marine  Borer  Activity  in  Test  Boards 
Operated  During  1951-  Report  No.  8088  (mimeographed). 
(Supplement  to  Report  No.  6065  on  test  board  studies  from  1942 
to  19*47,  Report  No.  6166  and  651?  on  test  boards  operated  during 
1946,  Report  No.  7034  on  test  boards  operated  during  1J49  and 
Report  No.  7550  on  test  boards  operated  during  1950.  Compiled 
by  Dorothy  J.  Brown.) 


. L. 

£caxiK?d"-'Mri"  frem  Puget  Sound:  Observations  Made  on  the 

Echlnoderms  Collected  by  tlie  Parties  from  Columbia  University, 
in  Puget  Sound  in  1896  and  1897 • Boston  Society  of  Nat'.uai 
History,  Proceedings,  vol.  29>  no.  I5,  pp.  323-337- 

Fred  C.  f.nd  Donald  M.  Franett 

J.UC  7i.-dv.tisr.  by  See  Bird®  >>T‘r>r,  '.v-e  Eggs  of  the  pE'-’ific  Kerx^ing 
C lupea  pallasii  at  Holmes  Harbor  During  1945-  State  of 
Washington  Department  of  Fisheries,  Division  of  Scientific 
Research,  Biological  Report  no.  46e,  18  pages. 
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Clemens,  V.  A. 

1930 ' Pacific  Salmon  Migration:  The  Tagging  of  the  Coho  Salmon  on 

the  Easi  rinaRt  of  Vancouver  1=  land  in  1927  and  I928.  Canada 
Biological  Board,  Bulletin  I’o.  15,  pp.  1-19- 

(includes  information  pertinent  to  Puget  Sound  salmon  migi'&tiou. ) 

1932.  Pacific  Salmon  Migration:  The  Tagging  of  the  Spring  Salmon  on 

the  East  Coast  of  Vancouver  IsLinii  in  192?  and  I928  with  Notes 
on  Incidental  Tagging  of  Other  I'ish.  Canada  Biological  Board. 
Bulletin  no.  27,  PP-  1-10. 

(includes  information  pertinent  to  Puget  Somid  salmon  migration.) 

Clemens,  W.  A.,  F..  E.  Foerster,  and  A.  h.  Pritchard 

1939-  The  Migration  of  Pacific  Salmon  in  British  Colurabifi  V7aters.  Tlie 
Migration  and  Conservation  of  Salmon,  Edited  by  Forest  Ray 
Moulton,  The  Science  Press,  Lancaster,  Peunsylvania,  pp.  51-59 • 
(Concerns  marking  experiments  on  Pacific  Salmon.  Pertinent  to 
the  migration  of  salmon  in  Puget  Sound.) 

Cleraeris,  V.  A.  and  G.  V.  Wilby 

19^9-  Fiuhee  of  the  rs-ific  Coast  of  Canic’a.  Fisheries  Research  Board 
of  Canad?,  Bulletin  68,  pp.  Si -89. 

(Concise  description  and  classificatioi-  of  Pacific  Coast  fishes.) 
Coffin,  Harold  G. 

1952.  Key  to  the  Common  fdarine  Algae  of  Paget  So\uid.  Walla  Walla 

Colleae  Publications  of  the  Deperfri^nt  of  Biological  Sciences 
and  the  Biological  Station,  ■'^ol.  2,  no.  1,  pp.  1-12. 

Curtiss,  Ruby  .fee 

19^1.  An  Ecological  and  Taxonomic  Sur’.’-ey  of  the  Acmaeidae  of  the 

Northwest  Pacific  Area.  Thesis,  University  of  W'ashington,  Seattle, 
Washington,  120  pages . 

(General  discussion  of  aninK.1,  its  habits  and  distribution. 

Gives  shell  description  and  a key  to  the  species . 72  pages  of 

photographs  and  illus ’•rations , ) 

Cushsan,  Joseph  A.  and  Ruth  Todd 

19^7"  Foraminifera  from  the  Coast  of  Washington.  Cushman  Laboratory 
fci  Foraminifsrul  P.cocarch,  Special  Publication  no.  21,  Sharon, 
Massachusetts. 

(Samples  from  the  Puget  .Sound  area.  This  fauna  is  character! iced 
by  relatively  feu  species  and  varieties,  and  with  only  six  con-: 
Etltuting  the  bulk  of  the  material.  The  fauna  represented  by 
these  saiaoles  shows  a cii5s=.  relationship  to  the  fauna  of  the 
New  England  ccast  and  also  the  Pliocene  ot  California,  particu- 
Isrly  that  from  Timms  Point.) 


^^4 


lk7 


Dalquest,  Valter  V. 

1948.  Mammals  of  Washington.  University  of  Kansas  Publications, 

Museum  of  Imtui-al  History,  vcl.  2,  pp.  1-44  + . 

(includes  descriptions  and  occurrences  of  seals,  biackfish, 
and  whales  in  Puget  Sound.  Also  describes  cliroate  and  geologic 
history  of  the  state.) 

Dau^'herty,  Anna  M.  and  L.  C.  Altman 

1925 ■ Influence  of  Hydrogen  Ion  Concentration,  .Salinity  and  Oxygen 
Upon  the  Rheotaxis  of  Some  Marine  Fishes.  Publications  Puget 
Sound  Biological  Station,  vol.  3;  73>  PP-  Zo^-Z^Q. 

(Experiments  mainly  performed  on  Sockeye  Sa3.mcn,  Tom  Cod,  and 
herring . ) 

Davis,  Charles  C. 

1949.  The  Pelagic  Copepoda  of  the  Northeastern  Pacific  Ocean. 
Univ=*r«-lty  of  Washington  Pubi  Icat'’) ons  -r.  Biology,  vol.  lU, 
pp . 1-1 16 . 

(includes  Puget  Sound  area  epecies.) 

BeLacy,  A-  C.  and  W.  M,  Chapman 

1935.  ICctes  c---  Gome  Elasmobranchs  of  Puget  Sound,  with  Description 
of  Their  Egg  Casco.  Copeia  1935>  nc.  pp.  63-67. 

Delacy,  Allan  C.  and  Ferris  Neave 

19^7-  Migration  of  Pink  Salmon  in  Southern  British  Columbia  and 

Washington  In  19*^5 • Ceruidi:  Fisheries  Research  Board,  Bulletin 
no.  "Jh,  pp.  1-11. 

(includes  results  of  i.aggiug  experiments  in  following  areas: 
Swiftsure  Bank,  West  Beach,  Skagit  Pay,  Port  Susan,  Salmon 
Bswiks.  Charts  included.) 

Dempster,  Roberr.  ?. 

1938.  The  Seasonal  Distribution  of  Plankton  at  the  Entrance  to  Hood 
Ceual . Thesis,  University  of  Washington,  Scatule,  WasMrigton, 
to  pages. 

(Considers  major  ferms  and  correlates  plankton  with  the  ihysical 
properties  of  the  water.) 

Durham,  John  Wyatt 

1933.  Some  Corals  from  the  Eocene  and  Oligoccne  of  the  Puget  Sound 

Basin.  Thesis,  University  .sf  Washington,  Seattle,  Washington, 

36  pages. 

(Contains  description  and  photographs  of  Eocene  and  Oligocene 
coral. ) 
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Eddy,  Saauel 

1925.  The  Distrihutlon  of  Marine  Protozoa  in  the  Friday  Harbor  Waters 
(San  Juan  Channel,  Washington  Sound).  American  Microscopical 
Society  Transactions,  vol.  no.  1,  pp.  97-lOS. 


Edmondson,  Charles  Howard 

1922.  Shellfish  Hocources  of  the  Ilorthwest  Coast  of  the  United  States. 
U.S.  Bureau  of  Fisheries,  21  pages. 


Exline,  Harret  I . 

193^>  Pycnogouids  froia  Puget  3o\ind.  Proceedings  of  the  United  States 
National  Museum,  Yci.  83,  no.  2f^91>  .9P-  *+13"^21. 

(a  description  and  key  to  the  species  of  pycnogonids  from  Puget 
Sound. ) 


Fallis,  Annie  L. 

1915*  Growth  of  the  Fronds  of  Nereocystls  luetkeana . Puget  Sound 
Marine  Station  Puhlications . vol.  1,  no.  1,  pp.  1-8. 

(Results  of  growth  rate  experiments  conducted  off  the;  coast  of 
San  Jua*'  '^^*1  Brovai  Xclnr^d  of  the  Sen  Juan  group. ) 


1916.  Growth  in  Ror.c  ijamlnar  Jac-tie . Puget  Sound  Marine  Station 
Pxibli  cat  ions,  vol.  1,  no.  13.  pp.  13T“lf>5. 

(Work  done  at  Friday  Harbor.  Source  of  specimens  unknown.) 


Fasten,  Nathan 

1915..  The  Male  Reproductive  Organs  of  Some  Common  Crabs  cf  Puget 

Sound.  Puget  Sound  Marine  Station  Publications,  vol.  1,  no.  7> 
pp.  35 -in. 

(Morphological  description  or  the  reproductive  organs  of  sev- 
eral Puget  Sound  crabs.  Work  done  at  Friday  Harbor.) 

1917.  Male  Reproductive  Organs  of  Decepoda,  with  Special  P.eferonce 

to  Puget  Sound  Forms.  Puget  Sound  Marine  Station  Publications, 
vol.  1,  no.  26,  pp.  285-307. 

(General  anatomical  descriptions  of  the  reproductive  organs  of 
Puget  Sound  crabs.) 

Fish,  Merle  Poland 

19^8.  Sonic  Fishes  of  the  Pacific.  Woods  Hole  Oceanographic  Insti- 
tution, Woods  Hole,  Ifess.,  TechnlcBl  Report  no.  2. 

(includes  aume  Puget  Sound  varieties.) 


Fes 3,  Gerald  T, 

19h9.  Produetifii 


and  fiarkcling  of  Oyeten.-  in  WasViington.  Theeis, 


^'■O.lege  cf  Puget  Sound,  Tacoma,  Washington. 


Frizzell , 
10^1  , 


Boaa.ld  Leslie 

A Study  of  the  Molluscan  Genus  Protothaca.  Thesis,  University 
of  W’ashington,  Cealtlc,  Washington,  103  pages. 
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Frye,  T.  C. 

1516.  Gar,  Pressure  in  Nereocystis.  Puget  Sound  Marine  Station 
Publications,  voi.  1,  no.  10,  pp.  6^~88. 

(studies  on  pressure  variation.  Work  done  at  Friday  Harbor.) 


Trye,  T.  J.  and  s.  M.  Zeller 

1915*  nOATnlacia  letracil iata,  Puget  Sound  Marins  Station  Publicatione , 
vox.  1,  no,  2,  pp.  9*13* 

(Description  of  a marine  plant  found  at  \raricus  Iccations  vithin 
ten  miles  of  the  Puget  Sound  Biological  Station.,) 


Gall,  Floyd  W. 

1918.  Some  Experime.  ts  with  Fucus  to  Determine  the  Factors  Controlling 
its  Vertical  Distribution.  Publications  Puget  Sound  Biological 
station,  vol.  2,  no.  43,  pp.  139 “151* 

1919“  Hydrogeu  Ion  Concentration  and  Other  Factors  Affecting  the  Distri- 
bution of  Fucus.  Publications  Puget  Sound  Biological  Station, 
vol.  2,  no.  51,  pp.  287-30^. 

1922.  Photosynthesis  in  Some  of  the  Bed  and  Brown  Algae  a?.  Relaved  to 
Depth  and  Light.  Publications  Puget  Sound  Biological  Station, 
vol.  3,  nc . 66,  pp,  177-193- 

(Vertical  zonation  related  to  photosynthetic  process.  Work  done 
at  Friday  Harbor.) 


Gellerraann,  Mildred  P. 

1926.  Medusae  of  the  San  Juan  Archipelago.  Thesis,  University  of 
Washington,  Seattle,  Washington,  174  pages. 

(Notes  on  distx Ibutions  and  description  of  forms.) 


Ger  sbacher . V.' . 


_ 


.193^^ • Experiments  v 


mals  ir.  Tide  Pcoxs.  Publications  Puget 


Sound  Biological  Station,  vol.  7>  PP-  209-215- 

(study  made  in  the  San  Juan  .Area.  Coi relates  reactions  of  tide 

pool  animals  to  changee  of  physical  conditions . ) 


Gilbert,  Charles  H. 


1689.  Description  of  a New  Specie 


xtio  of  Eathymaater  B.  jordani  From 


P’jget 's  Sound  and  Alaska.  Proceedingr  U.S.  National  Mu3ci>m, 
vol.  11,  p.  554. 


1912-25.  Contributions  to  the  Life  History  of  the  Sockeyc  Salmon, 
of  the  British  Columbia  Commissioner  of  Fisheries. 

(Mainly  concerns  life  history  of  the  Pacific  socfccye  salmon.) 


Gilbert,  Charles  H.  and  Joseph  C.  Thcmpsou 

1905.  riotss  on  the  rishes  of  Puget  Sound.  Proeecdlnxs 
llaticnal  MusciiTn,  v<^^ . p8.  no.  IklJi.  pp.  973-987. 
(Mainly  deacripoive  ) 
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Glud,  John  B.,  Vanco  Tarter_,  Trevor  Kincaid,  and  David  C.  McMilliii 
15^7»  Red  Tide.  Vlashington  State  Departnent  of  Fisheries,,  State 
Shellfish  tahoratory.  Gig  Harbor,  Washington,  3 pages 
(mimeographed) . 

(A  regional  analysis  Including  a discussion  of  the  toxic  effects 
of  red  -i  Ue  oitiaiilsafl  on  8bel.lfiBh  with  particular  reference  tc 
the  oyslors  in  Oyster  Bay.) 


Gran,  H.  H.  and  E . C.  AiihSt 

1931*  Plankton  Diatoms  of  Puget  Sound.  PubDications  Puget  Sound 
Biologdcfil  Station,  vol.  T,  pp.  4l7-5l6. 

(Descrip1,ion  and  taxonomy  of  diatoms  found  in  vicinity  of  Friday 
Harbor. ) 


Gran,  H.  H.  and  O’homas  G.  Thompson 

1930.  The  Diatoms  and  the  Physical  and  Chemical  Conditions  of  the  Sea 
Water  of  the  San  Juan  Archipelago.  Publications  Puget  Sound 
Biological  Station,  vol.  7>  P?«  169-204. 

(Correlates  diatom  occurrence  with  physical  and  chemical  condi- 
tions of  the  water.) 


Griffen,  B.  B. 

1097-  Adaptation  of  the  Shell  of  Placuanomia  to  that  of  Saxidcmus, 
with  Remarks  on  Shell  Aiiaptatlon  in  General,  Transactions  of 
the  New  York  .Academy  of  Sciences,  vol.  16,  pp.  77-81. 
(Concerns  observations  made  near  Port  Townsend.) 


1898,  Description  of  Some  Nemerteans  of  Puget  Sound  and  Alaska.  Annals 
of  the  New  York  Academy  of  Science,  vol.  11,  no.  10,  pp.  193-217 ^ 


Griffen,  Eldon 

1941.  Oysters  Have  Eyes.  Wilberlilla  Publishers,  Seattle,  V'ashington, 
53  pages  (processed), 

(Pertinent  to  Puget  Sound  oyster  farming.  General  informotion. ) 


Guberlct,  John  E. 

1926.  Observations  on  the  Spawning  Habits  of  Melibe  leonia  (Gould). 
Publications  Puget  Sound  Biological  Station,  vol,  pp.  263- 

270. 

(Cbsei-’/ations  were  made  on  Brown  Island,  San  Juan  Archipelago.) 


193^.  Observatiom  on  the  Spawniiig  and  Development  of  Some  Pacific 

• J Ticrf?  p2.Cl.-l.C  Sci— 

pp.  4213 '4220. 

(includes  information  cn  the  snawnir.g  habits  of  poiycns.etou€ 
annelids  of  Puget  Sound.) 
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Guberlet,  John  £•  - and  Melville  H,  Hatch 

n.'l.  The  Dictrihution  of  Bottom  Animals  in  Puget  So'ond  and  Adjacent 
Waters.  [ 1931 -19^1  J.  Me-nuscript  on  file  in  the  department  of 
Zoology,  University  of  Washington,  Seattle,  Washington. 
(Unpublished. ) 

(A  detailed  and  cross  i-eferenced  list  and  analysis  of  all  aniiatl 
dredged  hy  the  Catalyst  during  the  years  from  1931  to  19^1 • ) 


Hacker, 

1934 


Robert  Lester 

. The  Method  of  Bering,  Spawning  Season,  Larval  Stages,  and  Food 
of  Pholas  (Zirfaca)  pijsbryi  t.q«p.  Thesis,  University  of 
Washington,  Seattle,  Washington,  25  pages. 


HeI stead, 
1952. 


Br.'.ce  W.  and  Norman  C.  Bunker 

The  Vtnom  Apparatus  of  the  Ratfish,  Kydrnl sg-gs  colliel.  Copeia 
1952^  no.  3,  PP.  128-138. 

(Anatomical  and  physiological  considerations  of  venom  apparatus 
as  associated  with  the  spines  of  the  ratfish  which  is  comiaon  to 
Puget  Sound. ) 


Kammunu.,  0 . P. 

1686.  Fish  in  Puget  Sound.  Bulletin  of  the  United  States  t-ish 
CcTnmicsion,  vol.  VI,  pp.  195-19'3* 

(Descrlptior:  of  the  local  fishery  from  I869  to  1&7T-) 

Harrington,  N.  R.  and  B.  B.  Griffin 

IO98.  Notes  Upon  the  Distribution  and  Habits  of  Gome  Puget  Sound 

Invertebrates.  Transar-tionc  of  the  New  York  Academy  of  Sciences 
vol.  16,  pp.  152-165. 

(Analysis  by  areas  and  zones  within  each  area.) 


Hartge,  Lena  A. 

1928.  Nereocystis.  Pubet  Sound  Biological  Station  Publications,  vol. 
6,  pp.  207-237. 

(Contains  the  history,  general  description,  and  mothods  of 
culture  of  the  Puget  Sound  bladder  Kej.p  Nereocystis.) 


Henry,  Dora  Priaulx 

1940a.  The  Clrripedia  of  Puget  Sound  with  a Key  to  che  Species, 

University  cf  Washington  Publications  in  Oceanography,  vol.  4, 
no.  1,  pp.  1-48. 

( Mcroholosical  considerations  and  a key  to  tvip  Rptao'ine.) 

1940b.  Notes  on  Some  Pedunculate  Barnacles  From  the  Nortn  Pacific. 

Proceedings  of  tt,c  TTnit.ed  States  National  Musevuu,  vol.  80,  no. 

3061,  pp.  225-236. 

(includes  a description  of  baniaclos  taken  in  Puget  Sound.) 
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2tenry^  Dora  Priaui^' 

1942,  Studies  on  the  Sessile  Cirripedla  of  the  Pacific  Coast  ot  North 
America.  University  of  Washington  Publications  in  Oceanography^ 
vol.  4,  no.  PP-  95-I3+. 

(Morphological,  taxoi.omlc  and  ecological  considci'ations . Includes 
Puget  Sound  forms . ) 

Hopkins,  A.  E.,  Paul  S.  Galtsoff,  and  H.  C.  McMillin 

1931  • Effects  of  Pulp  Mill  Pollution  on  Oysters.  U.S.  Department  of 
Commerce,  Bureau  of  Fisheries,  Bulletin  no.  6,  pp.  125-186. 
(Concerns  the  effects  of  sulfite  waste  liquors  on  oysters  in 
Oakland  Bay . ) 

Horn,  Agnes  D. 

1932.  An  Ecological  Survey  of  the  Marine  Life  of  lone  Tree  Point, 

Skagit  Bay,  Puget  Sound.  Theses,  University  of  Washington, 
Seattle,  Washington,  ~0  pages. 

(Lists  iorms  of  the  locality  with  information  on  characi, eristics 
Oi  each.) 


Hewer,  John  H, 

1938*  The  Seasonal  Settlement  of  Bankia,  Lirnoria,  Baamacles,  Bryozoa, 
and  other  Seeslle  Organisms  at  Shelton,  Washington.  Thesis, 
University  of  Washington,  Seattle,  Washington,  53  pages. 

KujuTphrey,  R.  R.  and  R.  W,  Macy 

1930.  Observations  on  Some  of  the  Probable  Factors  Controlling  the 
Size  of  Certain  Tide  Pool  Snails.  Publications  Puget  Sound 
Biological  Station,  vol.  T,  pp.  205=208. 

(Observations  ma~e  li\  San  Juan  area.) 


Hurd,  Annie  May 

1916a.  C odium  dimorphum.  Puget  Sound  Marine  Station  Publications,  vol.  1, 
no.  19 j pp.  211-219. 

(Considers  habitat  and  general  description  of  Puget  Sound  algae 
C . aimorphum. ) 

1916b.  Codlua  mucronatum.  Puget  Sound  Marine  Station  Publications, 
vol.  1,  no.  12,  pp  109-135. 

(Morpholo£;ical  considerations  of  marine  algne  C.  mucronatum 
which  is  corononiy  found  in  Puget  Sound.) 


19 


luetkeana . Puget  Sound  Marine  Station  Publications,  *ol.  I., 
1 V "i  oA 


(Work  dons  at  Friday  Harh.r. 
Juan  Cliannel.) 


Mention  made  of  kelp  found  in  San 
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Hurd,  Aruiic  M;iy 

I9IT • Winter  Condition  of  Sorae  Puget  Sound  Algae.  Puget  Sound  Marine 
Station  Publicatxons,  voi.  i,  no.  PP- 
(.Collections  from  Fort  Lawton  and  lincolu  Beach.  Notes  on 
seasonal  variation  of  flora.) 

1919-  The  Relation  between  the  Osmotic  Pressure  of  Nereocystis  and 

the  Salinity  of  the  Water.  Publications  Puget  Sound  Biological 
Station,  vol.  2,  no.  2,  pp.  183-193* 

Igelsrud,  Iver,  Thomas  G.  Thompson,  and  BenJ.  M.  G.  Zwicker 

1936.  The  Boron  Content  of  Sea  Water  and  of  Marine  Organisms. 

Amerlcari  Jom’nal  of  Science,  ‘^th  series,  vol.  35>  "*o-  PP- 

47-63. 

(Some  of  the  analysis  were  ms.de  in  the  Puget  Sound  area.  Con- 
tains information  on  boron  content  of  marine  algae  from  San 
Juan  area . ) 

JaO;  Chin-Chin 

1936.  New  Marine  Algae  From  Washington.  Papers  of  the  Mic.tigan 
Academy  of  Science,  Arts  and  Letters,  vol.  22,  pp.  99-1--6. 
(Description  of  species  of  marine  algae  taken  in  San  Juan  Is-lands 
area . ) 

IQkS.  The  Marine  Myvophceae  in  the  Vicinity  of  Friday  Harbor,  Wachingbon. 
Botanical  Bulletin  of  Academia  Sinica,  vol.  2,  pp.  161-177* 

(Notes  on  occurrence  and  a description  of  species.) 


Johnson,  H.  P. 

1901.  The  Pclychaeta  of  the  Puget  Sound  Regi.on.  Proceedings  Boston 
Society  Natural  Histcry,  vr,l.  ro,  1°,  x>p.  381-437- 
(General  description  of  species  including  diagiouis,) 

Johnson,  Martin  W. 

1931.  Seasonal  Distr;ibutioi>.  of  the  Pluriktoii  at  Friday  Harbor,  Washington. 
Thesis,  University  of  W>ashJ.ngton,  Seattle,  viasnington,  77  P-S&"=- 

1932.  !3e&snri£il  Distributi.on  of  Plankton  at  Friday  Harbor,  Washing  ton. 
University  of  Wasuingtua  Publications  in  Oceanography,  vol.  1, 
no.  1,  pp.  1-38. 

(Discussion  of  zooplankton  and  diatoms.) 

1934.  The  Life  History  of  the  Copeped  Tortanus  dlscaudatus  (Thompson 
ai;d  Scott) . Biological  BrJ.letin,  vol.  no.  1,  pp.  132-200. 

%■'  ^ W1IV>  i.klCi.  Ck  ^4,4,^  liU.S  O'v/x  jr  • 

■-.ro  genus  recorded  in  Puget  Oouiid.) 


\ 

I 


f 

i. 

Jchncon,  Martin  W i 

1-935  • Seaiional  Migration  of  the  Wood -Borer  Limnorta  lignon:m  (Rathke)  1 

at  Friday  Harbor.  Washingt.on.  Piologice-l  Bulletin,  vol.  69,  ' 

iio.  5,  pp.  J^;?7-433. 

1943.  Studies  on  the  Life  History  of  the  Marine  Annelid  Nereis 

yexillosa ■ Biological  Bulletin,  vol.  84,  no.  1,  pp.  106-114. 

(Portion  of  work  done  at  Friday  Harbor.  Washing+v^r.  } / 


.Tohnscn,  Martin  W.  and  P.obert  C.  Miller 

1935 • "Pbe  Seasonal  Settlement  of  Shipworms,  Baraacls-o,  and  Other 

Wharf -Pile  Organisms  at  Friday  Harbor,  Washington.  University 
of  VJashington  Puniications  in  Oceanography,  vol.  2,  no.  1, 

pp.  1-18. 


.Tordan.  3.  and  c.  H,  Ollbsrt 

l38la.  Description  of  Two  New  Species  of  Flounders  Parophrys  vetulus 
and  Hippoglasoides  class odon  from  Puget's  Sound,  Proceedings 
U.S.  National  Museum,  vol.  3,  PP*  276-280.  1 

i 

l88lb.  Description  of  A Hew  Species  of  Nemichthys  Nemlchthys  avocetta  j( 

from  Puget  Sound.  Proceedings  U.S.  National  Museum,  vol,  3, 
pp . U09“4io. 

l83lc.  Description  of  A New  Species  of  Paralepis  Paralepls  corueca^_ 
from  the  Straits  of  Juan  do  Fuca.  Proceedings  U.S.  National 
Museum,  vol.  3>  PP*  4-11-U13. 

5 

1694*  Note  on  the  Wall-eyed  Pollack  Pollachius  chulcoK:rammu»  fucensit?  i 

of  Puget  Sound.  Proceedings  U.S.  National  Museum,  vol . 16,  no.  j 

939.*  PP*  315-316.  ’• 

(Mainly  descriptive.) 

Jordan,  David  Starr  and  Edwin  Chapin  Starks 

1895-  The  Fishes  of  Puget  Souiid.  Proceedirgs  California  Academy  of 
Sciences,  2d  series,  vol.  5;  PP*  7&5-655. 

(General  description,  including  plates,  of  fiohes  collected 
near  Port  Orchard.) 


Keen,  Myra  A.  and  John  C.  Fearsou 

1952  Illustrated  Key  to  'West  North  Americ.'ir.  Gaecropod  Genera. 

Stanford  University  Press,  Stanford,  California,  39  pages. 


Kenyon,  Karl  V.  and  Victor  B.  Scheffer 

1953"  Tee  Seals,  Sea  Lions.  s-02.  Ctt.^i  uT  tne  Pacific  Coast.  U.S. 
Fish  and  Wildlife  Service,  Wildlife  Leaflet  no.  344. 

(a  brief  description  of  species  ana  habits.) 


t 
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Kincaid,  Trevor 

1919 • Ar’  Annotated  Lint  of  Sound  Fishes.  State  of  Washington 

Department  of  Fisheries,  Seattle,  Washington,  pages. 

19£0.  The  Edihle  Clams  of  Puget  Sound.  State  of  Washingter.  Departmei'il 
of  Fisheries  and  Game,  Tver ty -Eighth  and  Tusnty-Einth  Annual 
Reports  of  the  State  Fish  Commissioner  to  the  Governor  of  the 
of  Washington,  pp.  A7-5O. 

(includes  economic  considerations.) 

Knox,  Canoneron 

1936.  The  Bryozoa  of  Puget  Sound  and  Adjacent  Regions.  Thesis, 
University  of  V/ashington,  Seattle,  Washington,  3^0  pages. 
(Anatomical  and  tauconomic  considerations  ef  Puget  Sound  Bryozoa. ) 

Lloyd,  Lovell  Clyde 

1936 • Some  Dlgenetie  Trematodes  From  Puget  Sound  Fish.  The  Journal 
of  Parlsitology,  vol.  24,  no.  2,  pp.  103-153- 
(Taxonomy  and  description  of  parasitic  fauna  of  Puget  Sound 
fishes . ) 

Martin,  George  W. 

193^-  The  Seasonal  Settlement  of  Bankia,  Limnoria,  Bari'acles  and. 
other  Wl«!.rf  Pile  Organisms  In  the  Vicinity  of  BremerL-ua, 
Washington.  Thscis,  University  of  Washingtou,  Seattle, 
Washington,  33  pages. 

McCutcheon,  Roh.  3.,  Louis  Arrigoni,  and  Louis  Fischer 

1949-  A.  Phytcchemical  Inve.stigaticr.  of  the  Kelps  Cymathaeie  tripltcata, 
Hedophyl3um  sessile  and  Egregia  menziesii . Journal  of  the 
Am'irican  Pha.i-taaceutical  A.eoociation,  Scientific  Edition,  vol. 

3H , no.  4,  pp.  196-200. 

(Chemical  analysis  of  some  of  the  kelps  found  near  Friday 
Harhor. ) 


McDonald,  Lucile 

1952a.  Fuget  Sound  Marine  Life.  The  Seattle  Times,  Sunday,  July  6, 

1952. 

(Exceptionally  rich  marine  life  in  Puget  Sound.  Many  chores  in 
other  parts  of  the  world  lack  variation  for  hundreds  of  miles 
hut  in  Puget  Sound  we  have,  within  a reasonably  small  area,  salt 
water  beaches  of  a.li  typc&“~rocky,  sandy  and  muddy.  We  have 
mouths  of  fresh  water  streams,  warm  saline  bays  and  places  where 
the  currents  are  cold  and  move  swiftly.  Shallows  and  deep 
canyons.  Each  supports  its  own  population.  Zoogeography.) 


- rO. 


' ' S.i? 


McDoritlid,  Lucile 

19?2b.  PugG-t  Sound's  Rich  Sea-Food  Harvest.  The  Seattle  Times,  Sunday, 
July  13,  1952. 

(The  various  food  fish  and  animals  of  the  .Sound  are  listed.  Ttic 
statement  1»  made  that  no  animal  in  the  Sound  is  dangerous,  ex- 
cept perhaps,  the  large  red  or  "brown  Jellyfish.) 

McKeman,  Donald  L.,  Vance  Tax  ter,  ana  Roger  Tollefson 

19^9*  An  Investigation  of  the  Decline  of  the  Native  Oyster  Industry 

of  the  State  of  Washington,  with  Special  Reference  to  the  Effects 
of  Sulfite  Pulp  Mill  Waste  of  the  Olympia  Oyster  Ostrea  lurida . 
State  of  Washington  Department  of  Fisheries,  Biological  P.epoit 
no.  49A,  pp.  115-165- 

(The  principal  native  oytter  producing  hays  of  Puget  Sound  are 
all  located  in  bhe  southern  extremity,  he].ow  the  Narrows. 
Principal  pollution  is  from  the  p ulp  mil  1 "by  Oa'Kland  Bey.) 

McLean,  A.  J. 

1921.  Effects  of  Thyroid  and  Iodine  Feeding  upon  the  Metemorphosi?  of 

1. wo  Species  of  C«vh.  Publicatlouk  Puget  Sound  Biological  Station, 
vol.  '*),  no.  61,  pp.  93-103. 

(Specimens  used  in  experiments  were  the  Puget  Sound  crabs  Cancer 
aagister  and  C . gracilis. 

Miles,  Ward  R. 

1916.  Experiments  on  the  BcViavior  of  Sems  Puget  Sound  Shore  Fishes 

("B1  enniidao) . Publications  Puget  Sound  Biological  Station,  vol. 

2,  no.  37. 

(Considers  respcnccs  of  Blenniiaae  to  various  stimuli.) 


Miller,  R.  C. 

IQ’9-  Plankton  Investigations  at  the  University  of  Washington.  Proceed- 
ings of  the  Sixth  Pacific  Science  Congress,  vol.  3,  pp.  5B5-336 
(Presents  a summary  of  Plankton  investigations.  Conducted  in  or 
near  Puget  Sound.) 


Miller,  Robert  C.,  Ellsworth  D.  Lumley,  and  F.  S.  Hall 

1935.  Birds  of  the  San  Juan  Islands,  Washington  Murrelet,  vol.  16, 
pp.  51-65. 

(Includes  a list  of  all  birds  of  which  specimens  axe  lucown  no 
h-ov-=  been  taken  in  the  Is  lands  or  are  definite 

sight  records  ny  competent  ornitholcgistr, . ) 


Miller,  R.  C.  and  Earl  P.  Norris 

1939.  Some  Encymes  of  the  Kortlivewt  Snlpworra  BanVia  setacea. 

Proceedings  of  the  Sixth  Pacific  Science  Congreso,  vo.l.  3> 

pp,  615-616= 

setar.ea.  coramcn  to  Puget  Souiid.) 


Konda,  George,  J. 

1926.  The  iBopoda  of  Puget  Sound  and  Adjacent  Wateis,  Thesis, 
University  of  Washington,  Seattle,  Washington,  104  pages. 
(Damage  to  piles  and  submerged  timters  done  by  these 
crustsceens . ) 


Hoore,  Clarita  L. 

1927.  Simple  Aucidiane.  of  the  Friday  Harbor,  Washington,  Heglon. 

Thesis,  University  of  Washington,  Seatt.le,  Washington,  71  pages. 


(The  tunicates  or  ascidians  are  conmon  along  the  snore,  or. 
wharf  piles,  and  at  considere-ble  depths.) 


Moore,  Caroline  S.  and  Laura  3.  Moore 

1930.  Some  Desmids  of  the  San  Juan  Islands.  Pub]  ■» cations  Puget 
Sound  Bioiogloal  Station,  vol.  7»  Pp>  239~335' 

(Taxonomy  and  description. ) 


Muenscher,  Walter  L.  C. 

1915a.  Ability  of  Seaweeds  to  Withstand  Desication.  Puget  Sound 
Marine  Station  Publications,  vol.  1,  no  k,  pp.  ly-23. 
(Work  done  on  species  of  Chlorophyeeee_,  Phaeopuycetie  and 
Rhodophyceae  at  Friday  Harbor.) 


I9i5h.  A Study  of  Algal  Associations  of  San  Juan  Island.  Puget  Sound 
Marine  Station  Publications,  vol.  1,  no.  9,  pp.  l>y-6k. 
(Geogi-aphical  distribution  and  vertical  zonation  of  algae  on 
San  Juan  Island.) 


1916.  Distribution  of  Shore  Algae  on  Shaw  Island.  Puget  Sound  Marine 
Station  Publications,  vol.  1,  no.  18,  pp.  199-"210. 

(a  list  of  103  species  of  algae.) 


1917.  A Key  to  Pha^ cphyceao  of  Pug.^'t  Sor.r.d.  Puget  Pound  Marino 
Statior.  Publications,  vol.  1,  no.  25,  pp.  2U9-285. 


Myers,  M.  E. 

1924.  The  Mucilage  Canals  of  j'Icreocystis.  Thesis,  University  o;.’ 
Washington,  Seattle,  Washington,  14  pages. 

(Description  of  structure  of  the  Puget  Sound  T'laddc’'  kelp 
Kereocy.'itls . ) 


Norris,  Earl  F..,  Mary  K.  Simeon,  and  Hal  B.  Williams 

1937.  The  Vitamin  B and  Vltaailn  C content  of  Marine  A.lgac . The 
Journal  of  Nutrition,  . 13,  no.  4,  pp.  425-433- 
(includes  iniormaoion  01  a number  of  mariiit  alga-‘  utkeu  j-u 
San  .T:ig,n  Islsnds.) 


f i 


Nighoingale,  H.  W. 

1936.  Red  Water  Organisms — Their  Occurrence  and  Influence  Upon  Marine 
Aquatic  Aninvals  With  Special  Reference  to  Shelliish  in  the 
Waters  of  the  Pacific  Coast,  The  Arg’us  Press,  Seattle,  Washington, 
2k  pages. 

(Notes  on  the  occurrence  of  G^wiodlnlun  splendens  In  Oakland  and 
Oyster  Bays  and  its  effects  or.  the  shellfish.1 

1938-  Concerning  the  ‘Effects  of  Waste  Sulfite  Liquor  Upon  Fish  Life 
’with  Special  Reference  to  Early  Stages  of  the  Chinook  Salmon. 

The  Argus  Press,  Seattle,  Washington,  3*^  pages. 

(Considers  the  effects  of  sulfite  vaste  liquors  on  salmon 
f ingerlings . ) 


O'Doncghue,  Chas.  H. 

1925 • Notes  on  Certain  Bryozoa  in  the  Collection  of  the  University  of 
Washington.  Publications  Puget  Sound  Biological  Station,  vol.  *>, 
PP.  15-^3. 

(Taxonomic  descriptions  of  Puget  Sound  Bri'^ocoa.) 


0 Toncghue,  Chas.  H.  and  Elsie  O'Donoghue 

1925.  List  of  Bryozoa  from  the  Vicinity  of  Puget  Sound.  Publications 
Puget  Sound  Biological  Station,  vol.  5.  PP. 

(Taxonomy  cf  Pugot  Sound  Bryozoa.) 


OlcJroyd, 

1918. 


19R4. 


Ida  Shepard 

A Sirmmers  Collection  at  Friday  Harbor.  The  Nautiluc,  vol. 
no.  3,  pp.  9i>-98. 

(Mixed  list  of  anlmai.5  eollect.ed  during  a summer  at  Friday 

ShcllG  of  Pu^et  So'oiid  and  Vicinity.  Publications  Pi 
Sound  Biological  Station,  vul,  1+,  pp. 

(contains  complete  description  of  Puget  Sound  shell  t.ypes. 
Complete  to  plates.) 


Olsou,  A.  Walter,  Jr. 

19^!9-  Some  Aspects'  of  ■*"he  Fishing  Industry  in  Washington  State. 
Thesis,  College  of  Puget.  Sound,  Tacoma,  Washington. 

Orlob,  Gerald  T.,  M.  D.  Anderson,  and  D.  L.  Hansen 

19^9-  An  Investigation  of  Pollution  In  Port  Gardner  Bay  and  the  Lower 
Snohomish  River.  The  Washington  State  Pollution  Conti'ol 
Commission,  25  pages  (mimeographed.) 

(Sulfite  waste  liquor,  bacteria,  fish  kills,  river  flow,  and 
oxygen  concentrations  are  considered  in  the  piobism.) 


Octerud,  ii.  ],. 

1913.  Preliminary  Observationtt  on  the  Development  of  Leptaaterlas 

hexaetis . Publications  Pueet  Sounil  ■Rioiogical  Station,  vol.  2, 
no.  32;  PP.  l-l6. 

(Considers  the  cmbrj'o logical  dev.?icpiient  ox  the  s-^arfish 
Leptasterlas  heyactis  common  to  Puget  Sound.) 

Pea.sc,  Vinnie  A. 

191T«  North  Pacific  Coast  Species  of  Desmarestia.  Puget  Sound  Marine 
Station  Publicaticna,  vol.  1,  no.  PP-  333~39'^> 

(Taxonomic  c ■ nsideratlonc  of  species  of  Desmarestia  whi^h  are 
found  in  the  Puget  Sound  region.) 

Perry,  Edna  M. 

1916.  Distribution  c-f  Certain  Invertebrate.^  on  a c :ed  area  of 

Sea  Bottom.  Puget  Soimd  Marine  Station  Publieaticno,  vol.  1, 
no.  15,  Pp.  174 'ITo. 

(Area  studied  is  northeast  of  Brown  Island  in  the  Sen  Jvan  Archi- 
pelago . ) 

Phifer,  Lyran  D. 

1929.  Littoral  Diatoms  of  ArgyJe  Lagoon.  ?ub‘'icatlo;.is  Puget  Sound 
Biological  Station,  vol.  7,  PP.  137"L49. 

(considers  abundance,  lateral  distribution  and  physiologies  1 
factors  nf  diatoms  in  iirgylc  Lagoon.) 

1933*  Seasonal  Distribution  and  Occurrence  of  Pl.".nktonlo  Diatoc^  at 
Friday  Harbor,  Washington.  University  of  Washington  Puhllca- 
tions  lu  Cceaiiograpny,  vol.  1,  no.  2,  pp.  39"3l- 

193^ft-  Periodicity  of  Diatom  Growth  in  the  San  Juan  Archipelago. 

Proeecdingo  of  the  Fifth  Pacific  Science  Congress,  pp.  204'' 

2049. 

(Correlates  environmental  factors  with  diatom  growth.) 

1934b.  Vertical  Distribution  of  Diat'oms  in  the  Strait  of  Juan  de  Fuca . 
University  of  Washington  Publications  in  Oceanography,  vol.  1, 
no.  3,  pp.  83-96. 

(Concerns  the  verticaJ  and  hor  j zontu]  distribution  of  diatom!:.) 

1935.  Phytoplankton  of  iiaat  Sound,  Washington.  University  uf  Washington 
I’ublicatiosiu  in  Oceanography,  vol.  j,  no.  4,  pp.  97"ilO. 

(Concerns  the  vertical  and  horizontal  distribution  of  phytoolankton 
in  East  Sound.) 

rierroii,  h.  F.  and  i,  C.  Hnang 

19.26.  Animal  Suacescicn  on  Denuded  Hocks.  Publications  Puget  -Souna 
Eu-ological  Sttrt'Lar.,  vol  pp.  l49~157- 

(ob.serr'a tions  mad.T;  .DiOwu  Iciand  in.  Can  Jaan  Archipelago.) 


I'So 


Pilsbry,  A.  H. 

19^1-  Barnacles  of  the  San  Juan  Islands » Proceedings  of  the  United. 
States  Kacional  Museum,  voi.  59»  PP-  111-115. 

(General  description  with  a key  to  the  species.) 

Fiiwcrs,  Edwiii  B. 

19i^0.  The  Variation  of  the  Condition  of  Sta  Water,  Fepeciaily  the 

Hydrogen  Ion  Concentration,  and  its  Relation  to  Marine  Organisms . 
Publications  Puget  Sound  Biological  Station,  vol,  '.I,  no,  3^, 
pp.  ,159-385. 

(’water  samples  taken  near  Biological  Station  at  Friday  Harbor.) 

1921.  Experiments  and  Oboervatiors  on  The  Behavior  of  Marine  Fishes 
Toward  the  Hydrogen -I  on.  Concentration  of  ■';he  Sea  Water  in  Re- 
lation to  Their  Migratory  Movements  and  Hs,bitat.  Publications 
Puget  Sound  Biological  Station,  vol.  3.,  no.  37 > FP.  1-?1. 

( "h.i  rnsHs  ^ 

1939*  Chemical  Factors  Affecting  the  Migratory  Movements  of  the  Pacific 
Salmon.  The  Migration  and  Conservation  of  Salmon,  Edited  by 
Forest  Ray  Moulton,  The  Science  Press,  Lancaster,  Pennsylvaiaia, 

pp,  72; -35. 

(Mainly  concerns  the  Pacific  Salmon  while  in  Alaslcan  waters. 
PertineoT.  to  the  migration  of  salmon  in  Puget  Sound.) 

Powers,  Edwin  B.  and  Lula  Mae  Shipe 

1926.  The  Ratio  of  Cxygcti  Absorption  by  Certain  Marine  Fishes  a.a 
Affected  by  The  Oxygen  Content  and  Carbon  Dioxide  Tonsioo  of 
the  Sea  Water.  Publications  P-iget  Bound  Biological  Station, 
vol.  PP.  355-369. 

(Experiments  were  conducted  on  rierrlng.  salmon,  and  perch. 

Work  done  at  F’riday  Harbor.) 


Pritchard,  Andrew  L. 

19.jC,  Pacific  Salmon  Migration:  The  Tagging  of  the  Pink  Saj.iron  and 

the  ChuKi  Salmon  in  British  Columbia  in  1928.  Car^ada  Biological 
Board,  Bulletin  no.  l4,  pp.  i-17. 

(includes  information  pertinent  to  Fuget  Sound  s-elmon  miamt.i.or; , ) 

1932.  Pacific  Salmon  Migration:  The  Tagging  of  the  Pink  Sainoii  aiid 

the  Chum  Salmon  in  British  Co3.i>mhia  in  1929  and  1930.  Csnadr. 
Biological  Board,  Bulletin  no.  Jl,  ijp.  ±-.l6. 

(includes  information  pertinent  to  P-uget  Sound  salmon  migration.) 

193^*  Pacific  Salmon  Migration:  The  Tagging  of  the  Coho  SaxuiOu 

British  Columbia  in  1929  and  1930.  Canada  Fisheries  RpcieHrc- 
Boai-d,  Dul]f'tin  no.  •’:0,  pp.  i-2t;  Bulletin  no.  41,  pp.  1-31- 
(Incxudes  irfoiTnation  pertinent  to  Puget  Sound  salmon  migration,) 
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Pritchard,  Andrew  L.  and  Allan  c.  DeLcicy 

l^hk.  Migration  of  Pink  Salmon  Cncorh^mchus  gorhuschs  in  Southern 
British  Columbia  and  Washington  in  1953.  Canada  fisheries 
Research  Board,  Bulletin  no.  66,  pp.  1-23. 

(Suimcarizes  results  of  tagging  experi  coiitc . Areas  cohered 
include;  Point  Roberts,  Liurnni  Island,  Bellingham  Bay,  Rosp.rio 
Strait,  West  Peach  (Wbidbey  Island),  Skagit  Bay,  Port  Susan, 
Admiralty  inlet,  T.ower  Puget  Sound-south  of  Port  Susan,  Stuart 
Island,  Salmon  Banks,  Pongeness  River,  Socks,  Port  Renfrew, 

Port  Angeles,  Neah  Bay  and  Ce.pe  Flattery,  Sviidtsure  Bank. 

Charts  included . ) 

Rice,  iiucile 

1930.  Peculiarities  in  the  Distribution  of  Earnacles  in  Communitiss 

and  their  Probable  Causes . Publications  Puget  Sound  BlologicalL 
Station,  vol.  7.  PP.  249-2!?T. 

(Correlates  distribution  of  Balanus  communities  with  environ- 
mental conditions.  Study  made  in  San  Juan  urea.) 


Rich,  Willis  H. 

1939-  Local  Populations  and  Migration  in  Relation  to  the  Conservablon 
of  Pacific  salmon  in  the  Western  States  and  A.laska.  The 
Migration  and  Conservation  of  Salmon,  Kditcd  by  Forest  Ray 
Moulton,  The  Science  Press,  Lancaster,  Pennsylvania,  pp.  4i-50. 
(Concerns  the  migratory  cnaract.erlstics  of  the  Pacific  Salmon- 
Pertinent  to  the  migration  of  baimori  in  Puget  Bound.) 

Riddle,  Matthew  C. 

1917.  Eerly  Development  of  the  Chinook  Salmoti.  Fuget  Soui:d  Marine 
Station  Puolications,  vol.  1,  no.  28,  pp.  3f9"339* 

(Description  of  sperm,  egg,  segmentation,  formation  of 
blastodeim  and  periblast,  gastrulation  and  hatching.) 

Rigg,  George  B. 

1917.  Seasonal  Devtdopuent  of  Bladder  Kelp.  Puget  Sound  Marine  Static 
Publications,  vol.  1,  no.  2^ , pp. 

(observations  Include  \'ariou«?  Puget  So’und  Icccl  It;!  , ) 

Rigg,  George  B.  and  R.  C.  Miller 

1949.  Intertidal  Plant  and  Animal  Zonation  in  the  Vicinity  of  Naan 
Bey,  Washington,  Proceedings  of  CalL  ifernia  Academy  of 

Sciences,  4th  series,  vol.  26,  no.  10,  pp.  383“3ji- 

Ritter,  W,  E. 

1900.  Some  Ascidians  From  Puget  Sound.  Col  lections  of  13q6  Arms.l.=, 

New  York  Academy  -.■r  vol.  12,  no.  l4,  pp.  pf'9-6l6. 

(Mainly  a description  of  species.) 
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Schaefer,  Milner  B. 

1936 • Contribution  to  the  Life  History  of  xhe  Surf  Smelt  Hypomesus 
pretlosus  In  Puget  Sound , Vrshington  State  Department  of 
Fisheries  Biological  Report  no.  35B,  45  pages. 

(includes  Infcmiation  on  -spawning  areas  and  seasons  and  fre- 
quencies of  spawning.) 

19 -jC.  Preliminary  Obs^-^.Citions  on  tne  Rejproductlon  of  tha  .lapanese 
Common  Oyster,  Ostrea  gigas , in  Quilcene  Bay,  Washington. 

State  of  Washington  Department  of  Fisheries  ij^ological  Report 
no.  36  pages. 

Scheffer,  Victoi  3. 

19£!8a.  Dealing  With  the  Sesl?  and  Sea  Lions  of  the  Northwert.  The 
Murrelet,  vol.  9,»  !^o.  3>  PP*  57-58. 

19^8b.  Precarious  Status  of  the  .Seal  and  Sea -Lion  on  our  Northwest 
Coast.  Journal  of  Mammology,  vol.  9>  PP-  IO-I6. 

195^^.  Outline  for  Ecological  Life  History  Studies  of  Marine  Mamnols  . 
EcoJogy,  vol.  35>  no.  2,  pp.  287-P96. 

Scheffer,  Victor  B.  and  John  W.  Silpp 

1944.  The  Harbor  Seal  In  Washington  State.  American  Midland 
Naturalist,  vol.  yd,  no.  2,  pp.  373-416. 

(General  description  uf  habits,  seasonsl  occurrence  and  dlc- 
t.rlbutlon,  and  history  of  '/ne  Hs.rbor  ' eal  u Waslilnglon  State.) 

1948.  The  WTiales  and  Dolphins  of  Washington  State  with  a Key  to  the 

Cetaceans  of  the  West  Coast  of  ?:io/.th  America.  American  Midland 
Naturalise,,  vol.  39>  no.  2,  pp,  257-337. 

(Descripcion  of  species,  records  of  occurrence  and  notes  or.  the 
habits  of  the  cetaceans  that  occur  in  Paget  Sound.) 

Scheffer,  Victor  B.  end  Charles  C.  Sperry 

1931.  Food  Habits  of  the  Pacific  Harbor  Seal,  Phoca  rlohardli. 

•Jcu7.Tial  cf  Mammalogy,  voi.  12,  no.  3;  PP.  214-226. 

Schultz,  Leonard  P. 

I93O.  Misceilsneous  Obscrvtxtions  on  Pishes  of  Washington.  Copeta 
1930,  no.  4,  pp.  157-140. 

(includes  notes  on  fish  of  the  San  Juan  Islands  and  Lakes 
Washington  and  Union. 

Schultz,  L-.  P.  and  V.  M.  Chapvtsn 

1934.  A.  Now  Ossori'l  Fish,  Splrinchus  dllat.'js,  rrom  Puget  Sound.  A.nuals 
of  Natural  History,  Tenth  series,  vol.  J.  no.  73,  PP-  67-66. 
(General  description.) 
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Scnultz, 

1935-36. 


Leonard  P.  ana  Ajlan  c.  DeLacy 

Fishes  of  the  American  Northwest.  Mid-Pacific  Magasine,  vol.  U8, 
no.  4.  vol.  49>  no.  1-4. 

(a  catalogue  of  the  fishes  of  Washington  and  Oregon  with  distri- 
cutional  records.) 


Schv_Ltz,  L.  P.  and  P.  T.  Smith 

1936.  Is  Inopsetta  ischyra  (Jordan  >.xnd  Gilbert),  from  Puget  Sound, 
Washington,  a Hybrid  Flatfish.  Copeia  1936,  no.  5>  PP.  199- 

203. 

(Morphological  considerations.) 


Shackleford,  Martha  W. 

1925.  A Study  of  Variation  in  Plankton  in  Argyle  lagoon.  Thesis, 
Univeralt;.'  of  Washington,  .leattle,  Washington,  58  pages. 
(San  Juan  Island  area,  currents,  tides,  and  chemistry.) 


Shannon,  E.  L.  and  L.  C.  Altaian 

1930.  Qrowth  in  C odium  mucronatuia.  Publications  Puget  Sound  Hiologice’'. 
Station,  vol.",',  pp.  391-392. 

(Concerns  rate  and  localization  of  growth  i.i  the  marine  green 
algae  C odium  mucronetum. 

Shelf ord,  Victor  E. 

1916.  Physiciogicai  Dlfff.reuces  between  Marine  .^..cisiai?  from  Different 
Depths.  Puget  Sound  Marine  Stati'in  Publlcati-'n.R,  vni  , i,  vio. 

14,  pp.  157-lT'^• 

(Experiments  demcroti-ate  relative  resistance  to  chemical  and 
physical  changes.  GpeciiiieitS  uocu  were  collected  from  Brown 
Tslana,  ban  v'uaii  1 rchipelago . ) 

I91S.  The  Relation  of  Marine  Fishes  to  Acids  with  Partioulcr 
Reference  to  MJlei;  Acid  Process  of  Sewage  Treaumeut. 

Publications  Puge";.  Sound  Biological  Station,  vol.  2,  no.  39> 
pp.  97-111. 

(Affects  of  acidity  on  fi.shes.  Considers  treatment  of  sewage 
with  acids  and  by  product  recovery.  Material  use'i  in  e'^'eri- 
se.nts  collected  near  Puget  Sound  Biological  Station.) 

1930.  Geographic  Extent  ana  Succession  in  Pacific  Hcrlh  Aii;criuoa 
Intertidal  (Dalanus)  Communities.  PublicatioriE  Puget  Sound 
biological  Gt=..tion,  vol.  7,  Pp.  217-223. 

(Special  reference  is  made  to  San  Juan  area.) 

Sbeif'^r'^;  Victor  E.  end  E.  D,  T'lwler 

1925.  Animal  Communities  of  the  Sau  Juaa  Channel  and  .Adjacent  Arees. 

Publications  Puget  Sound  Bio-log"* cal  Static.i.  vol.  I-p.  33-73 
(Co.csidei's  frer.erni  phy-.'i  i 1 'oy  aTji;)  Conditions  anO  the 

major  aulmtil  communities  . ) 
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Shelford,  V.  E.,  A.  0.  Wciese,  Luelle  A.  Sice,  D.  i.  RassEusserij  Arcn^'e 
MacLean,  Kettle  M.  Wlsmer,  and  Jolui  K.  Swanson 

-1-935.  SoKie  Marine  Biotic  Ooimnunities  of  the  Pacific  Coaet  of  North 
America.  Ecological  Monogrc.pnr. . vol . 5..  no.  3^  PP>  249-1+04, 
(Covers  mainly  San  Juan  and  Nortnem  Puiget  Sound  area.  A 
general  survey  of  the  extent  and  dynamics  of  bottom  and.  shore 
communities. ) 


ShervcGd,  H.  P. 

193 1.  The  Oyster  Industry  in  Worth  America:  A Record  of  a Brief 

Tour  of  Some  of  th'^  Centres  on  the  Atlantic  ana  Pacific  Coacts, 
and  of  a bimmer  in  Canada.  Journal  du  Counseil  International 
Pour  L 'Exploration  de  la  Mar,  vc-i.  6,  no.  3,  pp.  3'3l-566. 

(Brief  notes  on  oyster  culture  in  Oyster  Bay,  Oly.apia,  WashinGton.) 
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Smith,  '.Richard  T. 

1936.  Report  on  the  Puget  Sound  Ottei-  Trawl  Investigations.  Steitc  of 
Washington  Department  of  Fisheries  Biological  Report  no.  36B, 
nl  pageS . 

(Mainly  concerns  Puget  Sound  bottom  fishery. ) 

1937a.  Observations  on  the  Shrimp  Fishery  In  Puget  Sound..  State  of 
WGiSliing^OTi  c£  Pi2^“'^5-5s  P.cpci'w  no* 

11  pages. 

(Notes  on  aht’imp  biology,  present  state  of  fishery  and  regu- 
lations . Includes  maps  showing  distributions  of  species.) 

1937b.  Report  on  the  Puget  Sound  Otter  xra’-'l  Investigations.  ThesiB, 
University  of  V/ashlngtcr.,  Seattle,  Washington,  120  pagc.s. 
(Geograplilcai  distributions  and  life  histories.) 


Smith,  'victor  E. 

1916.  Effewl  of  Light  on  the  Development  of  Young  Salmon.  Puget 

Soimd  Marine  Station  Publication,  vcl.  1,  no.  11,  pp.  69-IO7. 
(includes  results  of  observations  made  during  hatching  period 
and  yolksac  stage,  relative  weights  and  chemical  aiialys  l&  .and 


Chinook  and  H'annback  Salmon. ) 


Smoker,  William  A.,  C.  R.  Johi.son,  H.  M.  •Jen6^?n,  R.  T.  Pressey,  K.  T. 
Heg,  J.  M.  Fitzgerald,  and  R.  VJ.  Williams 

.1992.  Progress  Report.  Puget  Soxmd  Investigations.  July  1952  to 
Kov.  1952.  Staxe  of  Washington  Department  of  Fisherise, 
Research  Division,  Seattle,  Washington  (mimeographed). 

( Unpublished . ) 
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SteggenJa.  andKirar.  K.  Ess«ix 

1925.  Rock  Botton?  Fauna  of  a Reetricted  Area  Near  Friday  Harbor, 

Washington.  Publications  Puget  Sound  Biological  Station,  vol. 

5,  pp.  29-31. 

(.Concerns  horizontal  distribiition  of  forms  in  San  .Juan  Chamiel.) 
Stevena,  Belle  A. 

1924.  H6.*rmit  Crabs  of  the  Genera  Pagurus,  Fagurisr.es  and  Pylopaguni" 
of  Puget  Sound,  Washington,  Thesis,  University  of  WasMngton, 
Seattle,  Weshington,  9^  pages. 

(Description  and  diagrams  of  species.) 

1928.  Callianassidae  from  the  Vest  Coact  of  North  America. 

Publications  Pi:iget  Sound  Biological  Station,  voi.  6,  pn.  315-3&9. 
(includes  keys  and  descriptive  material  on  Pug*t  Sound 
Callianassidae. ) 

Stimpacn,  V/i.lliam 

1864.  Descriptions  of  Nev  Species  cf  Marine  Inve rtebrat.a  pugst 

Sound.  Collected  by  r-ue  iiaturallots  of  the  Northwest  Boundary 
Coamlsoion.  Frof'<=edlng3  cf  the  Academy  of  Natural  Sciences  of 
Philadelphia,  series  2,  vol.  I6,  pp.  153-I6I. 

Strong,  Leon  H, 

1925.  Development  of  Ceitoiu  Puget  Sound  Hydroids  and  Medusae. 
Publications  Puget  Sound  Biological  Station,  vol.  3,  no.  73; 
pp.  3^-3-399 . 

(Observations  on  life  cycles  of  Puget  Sound  hydroids.) 

S’ran,  Fmery  F 

19|52.  Growth  Tr.di.ceo  of  the  Clam  Mya  arenaria.  Ecology,  vol.  33 » 
no.  :i,  195"’, 

(Portion  cf  investigation  conducted  in  San  Juan  area.) 

Swan,  Emery  F.  and  John  H.  Flnucane 

1934.  Observations  on  the  Genus  Schizothaens.  The  Nautiiuo,  voi. 
no.  1,  PJj.  ly“2b. 

(General  descriptions  and  notes  on  distributions,) 

TwWlcr , X*.  ii'uite  i.  c xj . 

1.926.  The  Common  Bamecles  of  Fri-day  Hurbci  , Wushlngton,  and  Their 
Distribution.  Thesis,  University  of  Washington,  Seattle, 
V’ashingtcn,  65  pages. 

(Life  histories  and  ecology.) 

19.30.  An  Analysis  of  the  Intertidal  Barnacle  Ccamunities  of  the  Sr.n 

Ju»n  Arebij.; lago . P-cblicp.t--'r>ns  Pv.got  Sound  D.Iological  Station, 
voi.  Y,  pp.  225-232. 

(Concerns  vertical  and  horizontal  distribution  of  halanua 
co.rr;uriltj'c£.  in  ti.e  Gan  Juan  Arcuip.ilago . ) 
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3.91*+ • Kelp  Groves  of  the  Trcific  Cos.at  ard  Islands  of  the  United  States 
and  Lower  California.  Office  of  th“  Secretary,  Report  no.  100, 
Qcvernment  Printing  Office,  Washington,  L.C. 

(Map  numoera  6,  9j  Hj  12,  15  cover  F"vet  Sound  entirely. 

Types  of  Ke2.p  are  in-licated  hy  erOor  code  on  the  charts  which 
are  reproductions  of  the  regular  17, S.  Coast  and  Geodetic  Suive> 
charts . Also  includes  statistics  on  abundance  and  cheur^  cal 
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Thompson,  Thomas  G.  ana  Lyman  D.  Phifer 

193^*  The  Planlvton  and  the  rropeities  ui  ihe  cux*.,ace  Waters  of  the 
P'oget  Sound  Region.  University  of  Washington  Publlcatlor.o  in 
Oceanography,  vol.  1,  no.  5,  PP-  ill-i3’<-- 

(a  gener-ai  description  of  the  physical  and  chemical  properties 
and  the  doirirant  planktonic  forms  of  the  surface  waters  of 
Puget  Sound . ) 

Thorstolnaon,  Elsa  D. 

194x.  New  or  Noteworthy  Amphipods  from  the  North  Pacific  Coast. 

University  of  V/aahlngton  Publications  in  Oceanography,  vol. 
no.  2,  pp.  50-9b. 

(Description  of  species  and  localities  where  they  are  found. 
Includes  Puget  Sound  types.) 


Treadwell,  A.  L. 
1922.  Polychaet 


Polychaetcus  Annelids  Collected  at  Friday  Harbor,  Stats  of 
Vaeiiliigtoii,  iu  rebxu<s,xy  and  March,  lySO.  Papers  Fi’om  the 
Carnegie  Institute  of  Washington,  vol,  I8,  pp.  173-l9l 
(Description  of  species.) 


Tschudy,  H.  H. 

193^'  Depth  Studies  on  Photosynthesis  of  the  Red  Algae.  American 
Journal  of  Botany,  vol,  21,  pp.  5^6-556. 

(Cori'elation  of  produced  oxygen  with  depth  Studies  made  at 
ff'-dey  Herbor.) 

Underhill,  J.  A. 

1929*  Wonders  of  the  Beat  Knnting  Nudlhranchiats  in  Puget  Sound. 
Nature  Magazine,  vol.  I3,  pp.  97 "100 • 

(General  description  of  Nudibranchlatc.  Also  includes  general 
informa'^ion  on  othe;r  marine  animals.) 

University  of  ’Washington  Department  of  Oceanography 

1952.  Freliminary  Oceanography  Survey  on  Submarine  Portion  of 

Snuhoaish -Kitsap  230KV  Line,  Progress  Report  no,  2.  Bobniitted 
to  Borinevillc  Power  Administration,  Appendix  I,  Marine  Geology, 
5 page  a ; Apper.ulx  n,  ui  ojjgicai  ocnsivieiaLlons  • ic 
(dittoed) , 


• - me., 


U.S.  Navy  Bureau  o"  Yards  and  Docks 

19'jl.  Report  on  Marine  Borers  and  Foulinjj  OrganisMs  in  56  Important 
Harbors  and  Tabular  Summaries  of  Marins  Borer  Data  from  l6o 
Widespread  Locations,  NAVDOC’KS  TP -Re-1,  Washington,  D.C., 

527  pages. 

(Hadlock,  Seattle,  Bremerton,  and  Tnroma  are  the  Pxiget  Sound 
locations  that  have  been  studied  for  this  report.) 

Walker,  A,  0. 

Malacostraca  from  Puget  Sound,  N.  W.  America.  Annals  of  Natural 
History,  Seventh  series,  vox.  2,  no.  9,  pp.  275-276. 

(Brief  description  cT  malacootrac£i ,s  r.tora  dredgings  off  Fort 
Townsend. ) 

V/ard,  Henry  B. 

1939-  Ftictors  Controlling  Salmon  Mlgi-ation.  The  Migration  and 
Consex“va,tiou  0“  Salmon,  Edited  by  Forest  Ray  Moulton,  The 
Science  Press,  Lancaster,  Pennsylvania,  pp.  60-71. 

(pertinent  to  the  migration  of  salmon  In  Puget  Sound.) 

Washington  State  Der/irtment  cf  Pichcries 
n.d.a.  Annual.  Report,  143  pages. 

(otatiotics  cn  fish  and  shellfish  landing  in  Puset  Sound  for 

1950.) 

n.d.o.  Puget  Sound  Fish  and  Shellfish,  1949  and  1951 ■ Information 
available  at  the  Research  Division,  Seattle,  VJachx.iigi..oa. 
(Unpublished) . 

n.a.c.  Puget  Sound  Salmon,  194-9  and  1951*  Information  available  ai. 
the  Research  Division,  Seattle,  Washington.  (Unpublished). 


1950.  Puget  Sound  Commercial  Salmon  Fishing  [Map].  1308  Smith  Tower. 
Seattle  4,  Washington. 

(a  colored  map  showing  areas  and  preserves  as  defined  in  sec- 
tions 37  and  38  order  no,  2'^C  of  the  Director  of  Fisheries. 
Ccmpilod  foi  t.n.e  convenience  of  commercial  flsheitien. ) 

1951a-  ObservatioRC  cf  Mud  Bay  Red  Tide.  Fugst  Sound  Oyster  Bulletin, 
Series  X,  no.  11,  August  8.,  1951.  State  Shelifich  T.eber.etor".^, 
Gig  Harbor,  Washington  (mimeographed) . 

(Ana.lyiii^  of  field  samples  and  conditions  of  the  watei-  are 
repo.rted . ) 

19510.  Pacific  Northwest  Food  Fishes.  1308  Smith  Tower,  Seattle, 
Washington,  8 pages. 

(includes  a discussion  of  the  general  cbaiacteri.stlcs  of  the 
five  s.oecie-s  of  Pacific  3?lm.''n  and  other  corTmercial  fish.) 
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V/ashingtori  State  Department  of  Fisheries 

1952a.  The  Salmcn  Crisis.  1308  Smith  Tower,  Seattle,  Washington,  15 

pageri . 

(Cenere-i  f.t!!inary  of  salmon  rehat i litation  and  ooraervation 
programs  in  Washington  State.) 

1952b.  Salmon  Rehabilitation  and  Hatcheries.  I3O8  Smith  Tower,  Seattle^ 
Wachington,  6 pages. 

(ueneral  summary  of  salmon  rehatllitatlon  and  conservation  pro- 
grams Ir  Washington  State.) 

1952c,  Washington  Coamerclal  Fisheries,  1951  Statistics.  loOo  Smith 
Tower,  Seattle,  Washington,  kS  pages. 

(Statistics  on  Puget  Sound  fish  end  shellfish  landings  for 
1 oai  ^ 

1952d.  Washington  Sports  Fishing  - Salmon  Regulations  1952  - Food  Fish 
and  Shellfish  Laws . 12  pages . 

1952e.  Washington  State  Shellfish.  I3O8  Smith  Tower,  Seattle, 
Washington,  8 pages. 

(Oysters,  clams,  shrimp,  and  Dungeness  Ci-ab  are  briefly  des- 
cribed.) 

Washington  State  Fisheries  and  Game  Department  lisheries  Divisior 

1521a.  Hearing  on  U.-=  Fropcssd  Iroulhitiiig  or  Cui  talling  the  Taking 
of  Imms-ture  Salmon  in  Puget  Sound  Between  Olyinpia  and  Clallam 
Bay.  Seattle,  1921,  22  pages. 

1921b.  Hearing  Held  at  Seattle,  Washington,  Jure  20,  .1.921,  137  pages. 

(Concerns  the  general  commercial  fishing  regulatioub  un  ruget 
Sound . ^ 


1921c.  Elearing  Held  at  Seattle,  Washington,  August  12,  33  Pages 

(Concerns  the  proposed  alteration  of  commercial  salmon  regula- 
tious  on  Puget  Sound.) 

Weese,  A.  0. 

1526,  The  Food  and  D5.geEtivc  Processec  of  Strougylocentrotus 

drobachler.sls . Publications  Puget  Sourid  Biological  Sr.ation, 

vw-*.-  r*jer  • J • 

(Considers  digestive  processes,  pH  of  digestive  tract  and 
coelom,  and  starch,  albumen  ?.rd  gelatin  digestion.  S. 
arubacai.eri6 i s common  to  jruget  oounu. } 

Wcesc,  ,1.  0.  r.iiu  w.  T.  Townsend 

1921.  Some  Reactions  of  the  Jellyfish  Aequoria.  Pv;blications  Puget 
Souiid  Bioiogical  Station,  vol.  3,  "-o.  63,  p?.  117-127. 
(Concidei's  the  physloiogicax  reactiono  of  the  coironon  Puget 
Soujid  if-lltfinh  Aeauoria  to  various  stimuli.) 
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GFNhftAL  SUl-lMaHY 


GEOGBATKY 

?'a.g£t  Sound  as  described  in  this  aujr/ey  includes  the  inland  waterways 
extending  southward  into  the  state  of  Washington  from  ti-c  aaBtern  end  of  the 
Strait  of  Juan  de  Fuca.  Thece  channels,  sounds,  and  ir.lets  are  lone  and 
narrow  and  occutiy  a basin  roughly  90  miles  nor^h  and  south  and  40  miles 
cast  and  west.  Moiintain  ranges  surround  three-quarters  of  the  area.  The 
water  area  at  mean  higher  high  water  is  767  square  nautical  miles.  The 
principal  entrances  to  Puget  Sovmd  from  the  open  ocean  arc  through  Admiralty 
Inlet,  between  the  Olympic  Peninsula  and  Whidbey  Island,  and  Deception  Pass, 
between  Whidbey  Island  and  Fidalgo  Island, 

Puget  Sound  is  the  only  protected  deep  water  haven  on  the  Washington 
coast.  Major  ports,  naval  instaliatione,  and  coastal  iridustrles  are  loca- 
ted on  its  shores.  Enb' ince  to  Lake  Union  and  lAke  Washington  is  provided 
by  the  Lake  VJashington  Ship  Canal  via  the  Ballard  Locks, 

BATir/i'oETK’i 

The  shape,  depth,  and  coastal  topography  of  the  Puget  Sound  basin  are 
largely  a producT.  of  glacial  activity.  Glacier-bornc  sedimentary  materials 
deposited  in  a basin  between  the  Olympic  Mountains  and  the  Cascade  Mountains 
during  ■ he  early  part  of  the  Pieictocenc  Epoch  were  deeply  entrenched  by 
stream  and  glacial  aotiuii  in  the  latter  part,  of  the  t'ielstoceas*  The  re- 
sulting steep-sided  valleys,  one  of  which  had  not  been  subsequently  filled 
with  sedimentary  debris  >"ow  forms  Puget  Sound.  The  mainland  and  island 
coaotlinsG  are  irregular  and  backed  by  cliffs.  The  beaches  are  narrow  °nd 
'’onflnod  to  embayments,  except  for  tidal  flats  on  the  river  deltas. 

Submerged  shallow  shelves  are  extremely  narrow  or  entirely  lacking, 
and  in  most  areas  the  aea  bottom  slopes  steeply  to  depths  of  3OO  to  600 
feet.  The  greatest  depth  of  930  feet  is  located  just  north  of  Seattle. 

Puget  Sound  contains  several  elongated  basins  that  are  partially  separated 
from  the  Strait  of  Juan  de  Fuca  and  from  eacb  other  by  shallow  ric’gec  or 
sills,  -such  as  those  located  in  Admiralty  Inlet,  Tacoma  Narrows,  and  the 
entrance  to  Kood  Garel  where  the  depths  are  approximately  I50  to  200  feet. 


Bottom  Sediments 


/-laterial  on  the  sea  rioor  varies  from  reck  outcrops,  through  boulders 
and  cobbles  in  areas  of  strong  ti  currents,  to  can  ,d  anc.  mud  cm  tLw  oropeo. 
In  some  areas  firm  clay  and  eompuct  glacial  till  are  exposed  on  the  slopes. 
Th.i  bottoms  of  the  deeper  portions  of  the  basins  are  covered  with  soft  mud. 
The  rivers  on  the  eastern  shore  riave  developed  exteasive  delicts  i.here  Gheir 
sct.dmant  Innns  a— e dcnositedi 
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CLlt'Al’E 


The  climate  of  the  aref^i  is  typically  marlt5me;  The  summer  is  cool  aud 
the  Vinter  mild.^  At  Seattle  the  monthly  average  temperature  is  39 y*  1*^ 
January  and  65.6"  F.  In  July.  The  mean  annuSil  temperature  is  about  50°  F. 

The  prevailing  air  movement  iu  from  the  open  ocean  except  during  the 
Vinter  «uen  storms  may  draw  cold  continental  air  into  the  area.  Winds  may 
exceed  60  'snots  during  winter  storms  hut  because  cf  the  limited  fetches 
the  waves  rarely  exceed  6 feet  la  height,  even  in  the  larger  open  areas. 
During  most  of  the  year  preening  winds  are  from  a southerly  direction 
but  during  July  and  August  the  prevailing  vinde  at  Seattle  are  from  the 
north.  Wind  directions  are  doBery  related  to  the  local  land  topography. 
Average  wind  speeds  are  between  ? and  10  knots,  V/indo  exceeding  30  knots 
have  been  recorded  in  Seattle  for  all  months  of  the  year. 

As  the  warm  maritime  «ir  macccc  rise  owx  the  Olyiaplc  and  Cascade 
Moontaiiis  heavy  orographic  pi-ecipltation  takes  place  but  as  these  air  masses 
decend  and  blow  over  Puget  So  und  and.  its  adjacent  iov/land  the  air  masses 
tscoiiic  warm  and  only  a moderate  precipitation  occurs  averaging  between  P5 
and  50  inches.  Most  of  the  rain  falls  dui’ing  automa  and  wlnte:*  with  mlnlMun 
precipitation  during  July  and  August.  The  days  with  appreciab.le  precipita- 
tion a-yeu-age  40  percent  for  the  jeai*  indicating  theit  the  rains  are  frequent 
but  rarely  hea\'y.  Overcast  skies  occur  some  8C  percent  of  the  time  duriut, 
the-  winter. 

Snowfall  on  the  lowlands  is  relatively  rare  f.nd  although  it  may  snow 
csveral  days  luring  the  winter  snow  rarely  rersalns  on  the  ground  for  more 
than  f.  few  days.. 


RIVER  RUITOFF 


River  runoff  foUev.s  the  i;x;-.cipitatioa  pattern;  the  lowland  rivers 
carrying  their  greatest  volume e di-ring  tho  autumn  cod  winter  months.  The 
Skagit  River,  that  drains  a mountainous  area,  in  addition  has  .a  secondary 
maximum  in  r.utt>r.jer  when  the  r.now  is  aielting.  The  average  r-.i.ucff  of  all  rivers 
in  the  iuget  Sourid  bttsin  is  p*bout  s-0,000  cubic  feet  pc-r  second  ranging  be- 
tween monthly  extremes  o.f  14,000  and  367,000  cubic  feet  per  second. 


TIDES  A^ID  TIDAL  CuEREnTO 

The  tides  in  Peget  Sound  n.re  of  the  mixed  typ>e  showing  a large  diurnal 
inequality  between  the  heif^tits  of  succeeding  low  tides.  The  average  diurnal 
.range  at  e JB  11.3  feet.  The  maxlcum  range  of  spring  tides  rarely  ex- 

ceeds 16  feet.  There  is  a general  Increase  in  range  as  the  tide  progr-ccoca 
irea  the  btr-ait  of  Jvnn  de  Pucs  to  the  neads  of  the  inlets  with  a delay  in 
t lute  of  high  \raX\-x  01  about,  one  hour.  Due  to  the  large  area  of  Poget  Scund 
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its  nftrrr.i.'  »»nt.Tanc»s.  tidd.1  oiT’x^ents  liave  excspticnsll-y  strong  tropic 
velocities  attaining  4.7  knots  in  Admiralty  inlet,  knots  in  Tacor>a 
Narrows,  and  7.2  knot?  in  Decoptiou  J’as?..  Eiscvhers  in  Puget  Sornd  th*:. 
tidsl  currents  are  generally  less  than  one  knot.  In  addition  to  their  im- 
portance in  navigation,  the  strong  tidal  currents  greatly  affect  the  tem- 
perature and  salinity  distribution  of  the  region  through  their  mixlrg  action 
and  their  influence  on  the  water  exchange. 
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V.’ATER  TEiVFKh!A'fURE  AND  SALINITY 

Water  temperatures  in  Puger  Soi^nd  are  relatively  uniform  throu/^hout 
the  year.  Because  of  the  mixing  produced  ty  the  tidal  currents,  surface 
tsmperaturee  rarely  fall  below  44’^  F.  even  in  winter  except  in  the  head 
waters  of  Puget  Sound  where  the  accumulation  of  cold  river  waters  and 
relatively  qulat  conditions  will  permit  the  formation  of  Ice  during  extreme 
cold  weather.  The  same  mixing  proecssps  tend  to  maintain  relatively  low 
temperatures  during  the  summer  and  except  in  shallow  and  isolated  areas 
Eurface  temperatures  above  650^^  P,  are  rare.  Because  of  si"' Is  at  moderate 
deptno,  and  the  mixing',  that  occurs  over  ouch  sills,  the  water  in  the  deeper 
basins  is  always  relatlve?.y  warm  with  temperatarcs  between  44°  and  55°  F. 

Fresh  water  in  large  aj.iounts  is  emptied  into  Puget  Soimd  from  a munber 
of  rivers  and  streams.  The  greatest  amounts  are  discharged  by  the  Skagit, 
Stlllaguamioh,  and  Snohomish  Rivers  al.l  located  on  the  north  eastern  shore. 
Despite  this,  the  salinity  of  the  waters  1e  remarkably  uniform  avei'aging 
between  29°/oo  and  31°/oo  except  very  near  the  surface  where  foiloving  heavy 
runoff  and  light  winds  a dilute  surface  layer  may  occur.  Seasonal  variations 
are  small.  The  relatively  high  salinities  are  maintained  by  active  exchange 
of  water  bei;ween  Puget  Sound  and  the  Strait  of  Juan  de  Fuca,  Puget  Sound  Is 
characterized  by  a net  average  outflow  of  the  diluted  surface  water  and  a 
net  avorage  liiflow  of  mors  saline  water  at  depth.  The  salinity  of  the  water 
in  the  deeper  basins  reaches  a maximum  in  late  summer  or  autumn  after  the 
fuhourface  waters  in  the  Strait  of  Juan  de  Fuca  have  reached  their  greptect 
salinity  and  lo-went  temperatures  of  the  year  which  normally  occuj’s  in  August. 

MIXING  AND  FLUSHING 

The  mixing  and  flow  across  the  sills  which  tends  to  equalize  the  tem- 
perature and  salinity  in  the  region  are  effective  in  distributing  dissolved 
ojcygen  and  nutrient  salts.  The  depths  of  the  najor  basins  with  the  possible 
cxcept.lcn  of  Hood  Cans!  in  cuinmf.T  arc  vrell  ventilated  at  =2.1  se-ason-?  of  the 
year.  Subsirii.ai*y  basins  behind  deep  sills  at  the  extremities  of  the  various 
arms  may  not  fluou  from  winter  until  tha  following  anil  more  Infre- 

quently not  until  the  autumn  of  a succeeding  year.  These  stagnant  waters  may 
become  almost  entirely  devoid  of  oxygen  and  considerable  concentratioib  of 
dissolved  nutrients  such  as  soluble  phospliate?  ard  silicates  accumxtbntc . 


It  ti 
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The  bottom  water  in  the  shallow  extremities  of  the  inlets  v^here  bcrh 
tho  tidal  currents  and  runoff  are  small  also  bec'jiui;  impoverished  in  oxygen 
and  enriched  in  nutrients  spring  to  fall  as  o result  of  the  b:ol„g,lcal 


GEOPHYSICAL  ASPECTS 


Geophysically,  the  area  can  be  considered  as  yourig,  aountaincus,  and 
fiord-lii:.e.  No  magnetic  disturbances  of  importance  to  ships  navigation 
iiave  been  reported.  A number  of  peaks  of  the  nearby  Cascade  Mountains  arc 
volcanic  and  have  scattered  pumice  and  ash  widely  from  “«rly  eruptions,  but 
no  eruptions  have  occurred  during  tne  last  century, 

^ARINE  BIOLOGY 

The  area  supports  an  abundant  ruarine  '’lora  but  no  adeviUate  records  of 
local  productivity  exist.  The  phytoplankton  are  most  abundant  seseonaliy 
xn  spring  and  summer  and  locally  in  the  surface  waters  at  the  extremities 
of  the  vaiioua  and  contributing  arms.  Here  their  growth  may  alter  appreci- 
ably the  distribution  of  the  nuxrient  salts  and  dissolved  oxygen  as  well  as 
reducing  the  trf.nsparsr.,cy  of  the  see.  •’.rater. 

The  marine  fauna  Js  abundant  and  varied.  A rather  extensive  cor-nvercial 
and  sports  fishery,  which  utilizes  both  the  resident  and  mig."ator;.'  spe’.-''-eB, 
has  existed  for  many  years.  Of  the  latter  the  salmon  are  most  significant 
c oratf.erc  i ally . 


docks,  Jailing, 


Nuisance  organisms  which  hH'»'e  deleterlcu 
etc.  include  the  marine  borers,  p.srticularly  the  teredo  (Bankle.)  and  the  w''od 
gribble  (Limnoria) , and  the  fouling  organisms,  notebly  the  bivniac’es.  Al- 
though the  period  of  settlement  and  degree  of  attack  varies  with  the  specii'ic 
area  in  wb.lch  txisy  occur  there  is  no  ueason  of  the  year  in  which  some  of  the 
forms  f.re  not  active. 
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Ytr.cciimr,  Brltlafc  Coluabla 

Canada 

Attactlont  Dr.  yilllta  C» 

(^anaron 

1 (^iforaln  Aeadoay  of  Solanea* 

San  FrstelaoOf  Callfonila 

2 Dlroetor,  U.S«  Nar>*  Slactronlca 

Laboratory 

San  Driago  $2,  California 
Attantloat  (C^a  552) 

1 Chiaf,  Boroao  of  Yard*  and  ^.icka 
Nary  Dapartaant 

n.u* 

1 Coav:r.dlntt  Cs;aral»  Aaaa^r^h  and 
Daralopaant  Dirlalon 
DspartMnt  of  the  Ancr 
Waahington  2$j  DtC» 

1 O'^vamdlng  Officer.  Caahridg.»  Field 
Station 

230  Albany  Street 
Carrirxoge  39,  uaaa«/*.huiMttr 
Atiaatio:ii  ChHSL 

1 National  kaaaarch  Ccuncii. 

2101  CCAAdlitutioo  A'ronua 
VaahlJictoo  25 » D.0« 

Attention*  Co«tltta«:  ou  Ui«Ieraaa 
Verfara 
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1 Project  Aroim 

U«S«  Air  StAtion 

duildlnic  R^48 

virginU 

I Deoartfient  of  Aeroloor 

U.3«  Vaval  Post  Orsdusts  School 
Mo.?*8rsj,  Cslifomis 

)r  Chief  of  N*Ttl  Operations 
UsTy  Departaent 
VsvaJigtcn  D«C« 

Att^^ntions  31* 

312,  3U,  315,  316,  533D) 

i comtndsrt  (OAO),  U«i>.  Coast  Ous^r! 
Wsshlnftcc  25,  D.C. 

1 Dirtssoof  j U.3.  Ccaei  (k  *>ooU«.iic 

Survi'y 

Depsrtsset  of  CoMsroe 
Wsshincton  2$,  0«C« 

2 D^psrtwmt  of  ftigiaserlng 
CaiTeASity  of  OslifomlA 
Berkslsy,  Csllfomls 
Attention i Heso 
Attsnttcn;  Dr,  ?,3.  frnc*. 

1 The  Oceanographic  Inetituto 
Picrida  State  University 
Tallahsss^s,  Tlorlla 

1 U.S,  riah  & Wildlife  Senries 
P,0.-  Box  3B30 

nonolulu,  ?,  3, 

1 U.S,  fish  i WlldliVe  Service 
Woods  Hole,  Massachusetts 

2 OlA'setor,  Woods  Hols  Oceanographic 

XnctXtatlon 

Woods  hole,  Massachusetts 

1 Director.  uha^nacMsice  i»a7  instituts 
Box  iUtk,  RD  #? 

Annapolis,  Karyl«ad 

1 Dirertor,  Ncrragsnsstt  Marios 
oratory 

iCl-ngston,  3,  I, 


' Alien  Hancock  foundatiM) 

OnlTeiiity  of  S-'uthei7i  Calif on\i» 
Loa  A'^geles  7,  rUlfomia 

1 D.S.  rish  & Wildlife  Serrice 
fort  Crockett 
OalveatOQ,  Texas 

X fi-h  X Wildlife  Serrice 

fi  Jordan  Hall 
Stanicri  UnlTsrslty 
Stanford,  California 

c D^.rector,  Scrippa  Inatitution  of 
Oceanography 
ta  Jolla,  ciCifomla 

1 Directcr,  .^irine  Laboratory 

Unirersity  of  Haweit 
Honolulu,  T.  H* 

1 DirectT/r,  Marins  Labcratorj- 
Unlrsratty  cf  Miav^i 
Coral  Oahles,  Florida 

Texa?  A & M College 
College  S^Jitlon, 

1 Depi»rteant  of  A:#^ar.ojraplr» 

Prewn  University 
Frorlclsnce,  Rhode  laland 

1 Departiasnt  of  2ool^y 
Rutgers  Muieerexty 
Kaw  Brunsvtok,  k«w  Jersey 
Attention:  Dr,  H*  K*  Hasklnn 

1 Or,  Wi.Usrd  J,  Pierson 
New  York  University 
New  York.  New  York 

1 Pacific  Siologieal  Station 
British 

Attention  i Dr.  John  P,  Tully 

1 Librarian 

Stata  of  Washington 
Depanrsnt  of  riofwrxev 
1308  Sadvb  Tcwsr 
Seattle  U,  Vashington 


7ol.  1, 


fol.  1, 


Vol.  1, 


vol*  1, 


Vol,  1 


Vol,  1 


Vol,  2 
Vol.  3 


i Heed,  Departnsnt  of  Ccsan;^a()hy 
Unirsrsity  of  Wawalis.ton 
o«r.v&le,  wasningtou 

1 Binghaa  Ocesncgraphlc  Foundation 
Tsle  Unlrrrsity 
New  Karen,  Concsctlsut 

1 LcosHnsnt  of  Conservation 
Con.'sU  University 

KeW  Tork 

Attentlo.i«  Dr,  J,  Ayers 

1 Director,  Laaont  Qeological 

Observatory 
Torrey  Cliff 
Palis&des,  He«  Turk 

2 OlTKCtor,  l.S.  »i»h  4 tfildUre 

Survlee 

Deparxaent  of  tne  Interior 
Wajhlngton  2!>,  D.C, 

Attention:  Dr,  L.  X.  Halford 

1 rresilant 

5161  UtUe  Falls  Read  H.  W. 
Washington:  I6.  D.C. 


1 Librarian 

i-'isherxw*  I*^>*'r*torv 
Tsraical  Island  Static: 

Son  Psdro,  Calixomia 

l btaie  of  wsSuxAigCoa 

Pcllutl  Control  CoMdssion 
U08  Old  Capitol  Building 
.<««hingw0n 

1 Walla  Walla  C>'llege  Biological 
Station 
Anocortes, 

1 Librariar 

Oregon  State  Collie 
Corvallla,  Oregon 

1 Librarian 

imlvsrsity  of  Oregon 
1 — -**  ~ 

1 Librvrian 

Washxugton  btate  College 
Wa2h5«gt» 

$ University  of  Washington 


1 O.S,  vish  and  •rlidIU"  Service 
Tectuv'>Xoflcal  Lat^rstory  ax>d 
fcjplcratory  Flailing 
2725  Muiitlake  Boulevai'd 
Seattle,  Washliwtton 

1 State  of  Washington 
Departnsnt  of  Fivheriee 
Peeesrch  Laborstory 
Unirerslty  of  v^ashirgton 
Seattle  5,  Vashlazton 

2 U.S.  OeologlcAl  r»u.rr«y 
Water  Resoiurces  Llvtsion 
207  Federal  Pr'llding 
Taco«ei  2,  Washirigton 

2 U.S.  I>ept  of  Agriculture 
Soil  Conserraxio.1  Serrice 
Fedaral  Office  Building 
Seattle,  Washington 

2 State  of  Washington 

Depertaenl  of  Conservation 
and  Devslopaent 
Division  cf  Mines  «nd 
Oeclogy 

Tr.^.nsportatloa  Building 
Olyivia.  Waahiogton 

2 bv.  .Tohn  C.  ShertMu: 

laparyesnt  of  Qeograpny 
licuversiiy  of  Waa^ngton 
Swattls  5,  Wsshingtc 

King  County  planning 
Comi^aioc 
Coupty-C^ty  R»)ildlng 
Seattle  h,  Washington 

U»S,  uept.  of  Agriculture 
Soil  Conservation  Service 
Division  of  Irrigation 
Box  635 
Boies,  Idaho 

Dcnlnion  AatrophQrsical 
0b3r;i-TStory 
Royal  Oak,  B.  C» 

State  3ns3 Irish  Laboratory 
Box  $71,  Star  Route 
Clg  Hsrbor,  Wsshlngtou 
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HOTiCE:  GOVERNMEifr  OK  OTHER  DR-^ViTNG5,  SPECiF3CATIC*ST  OR  orcSS  'ii,yTf\ 

%RE  t^ED  FOa  ANY  PURF*vJ6ir  OTtiEH  TH^?»  H*  : K A DSrTJTri 

«aVES?r*£EST  PROCUKEMEKT  OPERATIOK,  TEE  V.  i.  GOyEK^iiiENT  TKEHEI  Y ^KCV.ri 
NO  KE«J=ONSXEri^rri',  NCSI  Ainr  OBL-IGATJOTS  VrliATrOEVES;  AKi>  TEE  FACT  T AAT  '»a' 
OOVTJttNKEHT  MAY  HAY"  fOKMiJEATED,  rURlSSTET.  OR  EK  .ANY  WAT  *UPP1J^&  'Vi- 
aAIE?  DKA WINGS,  SPECIFICATIONS,  OH  OTHER  Dh'iA  IS  NOT  TO  BE  KLGAmE: 
tMFX»IC AT iCN  OR  vTl'SEKWISE  AS  Ei  AtHT  MANKEK  LICEHS??G  THE  HOItDr>2i  O i .■iJiT  C T?:’, 
^naO«  OR  CORPORATION,  C»  CONV7m?«G  ANT  IUGHT2  PERkSSSION  TO  c;- 
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